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(54) Liquid crystal display device and method of manufacturing the same 



(57) In a liquid crystal display device and the 
method of manufacturing the same, pixel electrodes 
(32) and a projection pattern (35) are formed on a TFT 
substrate (30) side, and surfaces of the pixel electrodes 
(32) and the projection pattern (35) are covered with a 
vertical alignment film (36). Also, an opposing electrode 
(44) and a projection pattern (45) are formed on a CF 
substrate (40) side, and surfaces of the opposing elec- 
trode (44) and the projection pattern (45) are covered 
with a vertical alignment film (46). Then, the TFT sub- 



strate (30) and the CF substrate(40) are arranged such 
that top end portions of the projection pattern (45) on 
the CF substrate (40) are brought into contact with the 
TFT substrate (30). Then, the liquid crystal (49) having 
a negative dielectric anisotropy is sealed between them. 
Accordingly, a step of scattering spacers can be omit- 
ted, a change in cell thickness can be prevented, and 
good display quality can be achieved. 



FIG. 3 
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Description 

[0001] The present invention relates to a vertically 
aligned liquid crystal display device and a method of 
manufacturing the same and, more particularly, a liquid 5 
crystal display device having a structure in which the 
alignment direction of liquid crystal molecules is split 
into plural directions in a pixel and a method of manu- 
facturing the same. 

[0002] The active matrix type liquid crystal display 
device can prevent crosstalk by providing a switch, 
which is turned off during non-selection to cut off a sig- 
nal to each pixel, and thus exhibits excellent display 
characteristics compared with simple matrix type liquid 
crystal display device. In particular, since a TFT (Thin 
Film Transistor) has a high driving capability in a liquid 
crystal display device which employs TFTs as switches, 
such a liquid crystal display device can exhibit excellent 
display characteristics which are almost equivalent to a 
CRT (Cathode-Ray Tube). 

[0003] FIG.1 is a sectional view showing a structure 
of a normal TN (twisted nematic) liquid crystal display 
device. 

[0004] The TN liquid crystal display device has a 
structure in which a liquid crystal 69 with positive dielec- 
tric anisotropy is sealed between two sheets of glass 
substrates 61, 71 which are arranged opposite each 
other. TFTs (not shown), pixel electrodes 62, bus lines 
63, a flatting layer 64, and an alignment film 66 are 
formed on an upper surface side of the glass substrate 
61. The pixel electrodes 62 are formed of ITO (Indium- 
tin Oxide) as transparent conductive material. A voltage 
is supplied to the pixel electrodes 62 at a predetermined 
time via the bus lines 63 and the TFTs to correspond to 
an image. The flatting layer 64 is formed of insulating 
material covering the pixel electrodes 62 and the bus 
lines 63. A horizontal alignment film 66 formed of poly- 
imide, etc. is formed on the flatting layer 64. An align- 
ment process is applied to a surface of the alignment 
film 66 to decide the alignment direction of liquid crystal 
molecules when no voltage is applied. For example the 
alignment process can be performed by a known rub- 
bing process in which the surface of the alignment film 
is rubbed by a cloth roller along one direction. 
[0005] While, a black matrix 72, color filters 73, a 
flatting layer 74, an opposing electrode 75, and an align- 
ment film 76 are formed on a lower surface side of the 
glass substrate 71. The black matrix 72 is formed of 
metal such as Cr (chromium) such that light does not 
transmit into areas between the pixels. The color filters 
73 consist of three color filters of red (R), green (G), and 
blue (B). Each R • G • B color filter 73 is located opposite 
to a pixel electrode 62. The flatting layer 74 is formed to 
cover the black matrix 72 and the color filters 73. The 
opposing electrode 75 formed of ITO is formed under 
the flatting layer 74. The horizontal alignment film 76 is 
formed under the opposing electrode 75. A surface of 
the alignment film 76 is also subjected to the rubbing 



process. In this case, the rubbing direction of the align- 
ment film 66 is different by 90 ° from the rubbing direc- 
tion of the alignment film 76. 

[0006] The glass substrates 61 , 71 are arranged to 
put spherical or cylindrical spacers 79 between them. A 
layer thickness of the liquid crystal 69 (referred to as a 
"cell thickness" hereinafter) is kept constant by the 
spacers 79. The spacers 79 are formed of plastics or 
glass, for example. 

[0007] In addition, polarizing plates (not shown) are 
stuck onto the lower surface side of the glass substrate 
61 and the upper surface side of the glass substrate 71. 
In a normally white mode liquid crystal display device, 
two sheets of polarizing plates are arranged such that 
their polarization axes intersect orthogonally with each 
other. In a normally black mode liquid crystal display 
device, two sheets of polarizing plates are arranged 
such that their polarization axes are positioned in paral- 
lel with each other. 

[0008] In this disclosure, a substrate on which the 
TFTs, the pixel electrodes, the alignment film, etc. are 
formed is referred to as a "TFT substrate", and a sub- 
strate on which the color filters, the opposing electrode, 
the alignment film, etc. are formed is referred to as a 
"CF substrate". 

[0009] FIGS.2A and 2B are schematic views show- 
ing an operation of the normally white mode TN liquid 
crystal display device. As shown in FIGS.2A and 2B, in 
the normally white mode liquid crystal display device, 
two sheets of polarizing plates 67, 77 are arranged such 
that their polarization axes intersect orthogonally with 
each other. Since the liquid crystal 69 with the positive 
dielectric anisotropy and the horizontal alignment films 
66, 76 are employed in the TN liquid crystal display 
device, liquid crystal molecules 69a near alignment 
films 66, 76 are aligned in the rubbing direction of the 
alignment films 66, 76. As shown in FIG.2A, in the TN 
liquid crystal display device in which two sheets of 
polarizing plates 67, 77 are arranged such that their 
polarization axes intersect orthogonally with each other, 
liquid crystal molecules 69a seated between two align- 
ment films 66, 76 change their alignment direction heli- 
cally as their positions come close from one substrate 
61 side to the other substrate 71 side. At this time, light 
which passes through the polarizing plate 67 enters into 
the layer of the liquid crystal 69 as linearly polarized 
light. Since the liquid crystal molecules 69a are aligned 
to be gradually twisted, the polarization direction of the 
input light is also twisted gradually and thus the light can 
pass through the polarizing plate 77. 
[0010] If a voltage applied between the pixel elec- 
trode 62 and the opposing electrode 75 is gradually 
increased, the liquid crystal molecules 69a start to rise 
along the direction of the electric field when the voltage 
exceeds a certain voltage (threshold value). When suffi- 
cient voltage is applied, the liquid crystal molecules 69a 
are directed substantially perpendicular to the sub- 
strates 61 , 71 , as shown in FIG.2B. At this time, the light 
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which passes through the polarizing plate 67 fails to 
pass through the polarizing plate 77 since its polariza- 
tion axis is not rotated by the layer of the liquid crystal 
69. 

[0011] In other words, in the TN liquid crystal dis- 5 
play device, the direction of the liquid crystal molecules 
is changed from almost parallel to the substrates 61,71 
to being perpendicular (vertical) thereto in response to 
the applied voltage, and the transmittance of the light 
which is transmitted through the liquid crystal display 
device is also changed correspondingly. Thus, desired 
images can be displayed on a liquid crystal display 
device by controlling the transmittance of light at every 
pixel. 

[0012] However, a good viewing angle characteris- 
tic cannot be achieved by the TN liquid crystal display 
device having the above structure. That is, the good dis- 
play quality can be achieved if the image is viewed from 
the vertical direction to the substrates, nevertheless the 
contrast is extremely lowered if the image is viewed 
from the oblique direction and also the density is 
inverted. 

[0013] As a method of improving the viewing angle 
characteristic of the TN liquid crystal display device, 
alignment partition is known. This can be attained by 
providing more than two areas which have different 
alignment directions in one pixel. More particularly, one 
pixel region is divided into two areas or more, and then 
their alignment films are rubbed along different rubbing 
directions respectively. Accordingly, since off light which 
is leaked from one area can be cut in the other area, 
reduction in contrast in a half tone display can be 
improved. 

[0014] Vertically aligned liquid crystal display 
devices have recently attracted interest because of their 
superior viewing angle characteristics and display qual- 
ity to the TN liquid crystal display device. 
[0015] Liquid crystals (positive liquid crystals) hav- 
ing positive dielectric anisotropy and horizontal align- 
ment films are employed in combination in the TN liquid 
crystal display device, whereas liquid crystals (negative 
liquid crystals) having negative dielectric anisotropy and 
vertical alignment films are employed in combination in 
the vertically aligned liquid crystal display device. In the 
vertically aligned liquid crystal display device, the liquid 
crystal molecules are aligned in an almost vertical direc- 
tion to the substrates so that the voltage is not applied 
between the pixel electrode and the opposing electrode, 
while the alignment direction of the liquid crystal mole- 
cules is inclined gradually horizontally relative to the 
substrates when the voltage is applied between the 
pixel electrode and the opposing electrode. 
[0016] By the way, in the vertically aligned liquid 
crystal display device of the prior art, like the TN liquid 
crystal display device shown in FIG.1, the cell thickness 
is kept at a constant thickness by spacers. The spacers 
are formed of spherical or cylindrical plastics or glass, 
as described above, and scattered onto any one sub- 



strate when the TFT substrate and the CF substrate are 
stuck together. 

[0017] Therefore, in the vertically aligned liquid 
crystal display device of the prior art, a step of scatter- 
ing the spacers is needed and manufacturing becomes 
complicated. Also, the cell thickness becomes uneven 
due to variation in the scattering density of the spacers, 
and thus the display quality is degraded. In addition, if 
the liquid crystal display device is affected by vibration 
or impact, the spacers can be moved causing variation 
in cell thickness. Furthermore, if strong pressure is 
applied to the glass substrate, the spacers can be 
forced into the color filters, so that cell thickness is also 
changed. 

[001 8] Therefore, it is a consideration of the present 
invention to provide a liquid crystal display device which 
can achieve good display quality by omitting the step of 
scattering spacers and thus avoiding a change in cell 
thickness, and a method of manufacturing the same. 
[0019] According to one aspect of the present 
invention, there is provided a liquid crystal display 
device comprising a first substrate having a first elec- 
trode formed on one surface side and a first vertical 
alignment film to cover the first electrode; a second sub- 
strate having a second electrode formed on a surface 
side opposing one surface of the first substrate, a first 
projection pattern formed of insulating material on the 
second electrode, and a second vertical alignment film 
for covering the second electrode and the first projection 
pattern, whereby top end portions of the first projection 
pattern come into contact with the first substrate; and a 
liquid crystal sealed between the first substrate and the 
second substrate and having a negative dielectric ani- 
sotropy. 

[0020] A vertically aligned liquid crystal display 
device has better viewing angle characteristics than a 
TN liquid crystal display device, and such viewing angle 
characteristics can be improved much more by using an 
alignment partition. In the vertically aligned liquid crystal 
display device, such alignment partition can be attained 
by providing projection patterns over an electrode (at 
least one pixel electrode and opposing electrode). More 
particularly, in the vertically aligned liquid crystal display 
device, since liquid crystal molecules are aligned in a 
direction perpendicular to a surface of an vertical align- 
ment film, the alignment direction of the liquid crystal 
molecules becomes different from one slant surfaces of 
the projection patterns to the other slant surfaces if the 
projection patterns are provided over the electrodes. As 
a result, the alignment partition can be attained, 
[0021] According to the present invention, the align- 
ment partition can be attained by providing the projec- 
tion patterns formed of insulating material over the 
electrodes, and also cell thickness can be kept constant 
by protruding largely at least a part of the projection pat- 
tern from one substrate side to the other substrate side 
so as to bring top end portions of the projection pattern 
into contact with the other substrate. 
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[0022] In this manner, by means of the present 
invention, since the cell thickness can be maintained 
constant by the projection pattern used to attain the 
alignment partition, a step of scattering spherical or 
cylindrical spacers can be omitted, and thus degrada- 
tion of display quality due to movement of the spacers 
and sinking of the spacers into color filters can be pre- 
vented. 

[0023] A detailed description will now be given, by 
way of example, with reference to the accompanying 
drawings, in which: 

FIG.1 is a sectional view showing a structure of a 
normal TN {twisted nematic) liquid crystal display 
device; 

FIGS.2A and 2B are schematic views showing an 
operation of a normally white mode TN liquid crys- 
tal display device; 

FIG. 3 is a sectional view showing a liquid crystal 
display device according to a first embodiment of 
the present invention; 

FIG.4 is a plan view showing a TFT substrate of the 
liquid crystal display device according to the first 
embodiment; 

FIG. 5 is a plan view showing a CF substrate of the 
liquid crystal display device according to the first 
embodiment; 

FIG.6A is a view illustrating the principle upon 
which alignment partition can be achieved by pro- 
jection patterns; 

FIG.6B is a view illustrating the principle upon 
which the alignment partition can be achieved by 
the projection patterns and slits of pixel electrodes; 
FIG. 7 is a view showing an example in which slits 
are formed in the pixel electrodes on the TFT sub- 
strate side; 

FIG. 8 is a graph showing the relationship between 
a ratio of a height of the projection pattern and a cell 
thickness and a transmittance of a light on white 
display; 

FIG. 9 is a graph showing the relationship between 
a pattern width of the projection pattern and the 
transmittance of the light on a white display; 
FIG.1 0 is a sectional view showing a liquid crystal 
display device according to a second embodiment 
of the present invention; 

FIG.1 1 is a plan view showing a CF substrate of the 
liquid crystal display device according to the sec- 
ond embodiment; 

FIG.1 2 is a sectional view showing a liquid crystal 
display device according to a third embodiment of 
the present invention; 

FIG.1 3 is a plan view showing a CF substrate which 
indicates the problem caused when the width of a 
projection pattern on a black matrix is set identically 
to other portions; 

FIG. 14 is a plan view showing a CF substrate of the 
liquid crystal display device according to the third 



embodiment; 

FIGS.15A to 15E are sectional views showing a 
method of manufacturing the CF substrate of the 
liquid crystal display device according to the third 
5 embodiment; 

FIG.1 6 is a sectional view showing a variation of the 
liquid crystal display device according to the third 
embodiment; 

FIG. 17 is a graph showing relations between cell 
w thickness and transmittance when red, green, and 
blue color filters are employed; 
FIG.1 8 is a sectional view showing a liquid crystal 
display device according to a fourth embodiment of 
the present invention; 
15 FIG. 19 is a sectional view showing a part of the liq- 
uid crystal display device in FIG.8 in an enlarged 
fashion; 

FIG.20 is a plan view showing a CF substrate of the 
liquid crystal display device according to the fourth 
20 embodiment; 

FIG.21 is a sectional view showing a liquid crystal 
display device according to an eighth embodiment 
of the present invention; 

FIGS.22A to 22F are sectional views showing a 
25 method of manufacturing the CF substrate of the 
liquid crystal display device according to the fourth 
embodiment; 

FIG. 23 is a graph showing the relationship between 
the thickness of a color filter and a height of a 
30 spacer portion; 

FIG.24 is a sectional view showing a variation of the 
liquid crystal display device according to the fourth 
embodiment; 

FIG.25 is a sectional view showing a liquid crystal 
35 display device according to a fifth embodiment of 
the present invention; 

FIG.26 is a sectional view showing a liquid crystal 
display device according to a sixth embodiment of 
the present invention; 

40 FIGS.27A to 27F are views showing a method of 
manufacturing a CF substrate of the liquid crystal 
display device according to the sixth embodiment; 
FIG.28 is a sectional view showing a liquid crystal 
display device according to a seventh embodiment 

45 of the present invention; 

FIG.29A is a sectional view showing a sectional 
shape taken along a line B-B in FIG.1 5; 
FIG.29B is a sectional view showing a sectional 
shape taken along a line C-C in FIG. 15; 

so FIGS.30A to 30C are plan views showing a method 
of manufacturing a CF substrate of the liquid crystal 
display device according to the seventh embodi- 
ment; 

FIGS.31A to 31 C are sectional views showing the 
55 method of manufacturing the CF substrate of the 
liquid crystal display device according to the sev- 
enth embodiment; 

FIG. 32 is a graph showing the relationship between 
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difference in level of a pixel region edge portion and 
contrast; 

FIG.33 is a graph showing the relationship between 
an inclination angle of a step of the pixel region 
edge portion and the contrast; 5 
FIG. 34 is a perspective view showing the liquid 
crystal display device according to the eighth 
embodiment; 

FIG.35 is a sectional view showing the liquid crystal 
display device with no redundant light shielding film; 10 
FIG.36 is a graph showing wavelength spectral 
characteristics of blue, green, and red color filters; 
FIG.37 is a sectional view showing a liquid crystal 
display device according to a ninth embodiment of 
the present invention; 15 
FIG.38 is a sectional view showing a liquid crystal 
display device according to a tenth embodiment of 
the present invention; 

FIG.39 is a sectional view showing a liquid crystal 
display device according to an eleventh embodi- 20 
ment of the present invention; 
FIG.40A is a sectional view showing a CF substrate 
in a display area of the liquid crystal display device 
according to the eleventh embodiment; and 
FIG.40B is a sectional view showing a CF substrate 25 
on the outside of the display area. 

(First Embodiment) 

[0024] FIG.3 is a sectional view showing a liquid 30 
crystal display device according to a first embodiment of 
the present invention. FIG.4 is a plan view showing a 
TFT substrate 30 of the liquid crystal display device 
according to the first embodiment. FIG.5 is a plan view 
showing a CF substrate 40 of the liquid crystal display 35 
device according to the first embodiment. In FIG.5, pro- 
jection patterns formed on the TFT substrate side are 
indicated by a dot-dash line. 

[0025] The liquid crystal display device according to 
the first embodiment has a structure in which a liquid 40 
crystal 49 having a negative dielectric anisotropy is 
sealed between the TFT substrate 30 and the CF sub- 
strate 40. The polarizing plates (not shown) are 
arranged on the upper side of the TFT substrate 30 and 
the lower side of the CF substrate 40 respectively. 45 
These polarizing plates are arranged such that their 
polarization axes intersect with each other. 
[0026] The TFT substrate 30 consists of a glass 
substrate 31, pixel electrodes 32 formed on the lower 
surface side of the glass substrate 31, insulating films 50 
34a to 34c, an alignment film 36, etc. More particularly, 
as shown in FIG.4, a plurality of gate bus lines 33b are 
formed in parallel on the lower surface side of the glass 
substrate 31 . Also, auxiliary capacitance electrodes 33c 
are formed between the gate bus lines 33b respectively. 55 
The gate bus lines 33b and the auxiliary capacitance 
electrodes 33c are covered with an insulating film (gate 
insulating film) 34a formed on the lower surface side of 
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the glass substrate 31 (see FIG.3). A silicon film 37b 
serving as an active layer of the TFT 37 is selectively 
formed under the insulating film 34a. The silicon film 
37b is formed of amorphous silicon or polysilicon. Rec- 
tangular areas which are partitioned by the gate bus 
lines 33b and drain bus lines 33a serve as pixel regions 
respectively. 

[0027] The insulating film 34b is formed under the 
insulating films 34a and the silicon film 37a. A plurality 
of drain bus lines 33a, and drain electrodes 37a and 
source electrodes 37c of the TFTs 37 are formed under 
the insulating films 34b. The drain bus lines 33a are 
formed to intersect orthogonally with the gate bus lines 
33b. The drain electrodes 37a are connected electri- 
cally to the drain bus lines 33a. The drain bus lines 33a, 
the drain electrodes 37a and the source electrodes 37c 
are covered with an insulating film (final protection film) 
34c formed under the insulating films 34b. Then, the 
pixel electrodes 32 formed of ITO are formed under the 
insulating film 34c to be provided to the pixels one at a 
time. The pixe! electrodes 32 are connected electrically 
to the source electrodes 37c via contact holes which are 
formed in the insulating film 34c. 
[0028] The projection patterns 35 are formed below 
the pixel electrodes 32 in a zig-zag fashion, as indicated 
by a dot-dash line in FIG.4. The projection pattern 35 is 
formed of insulating resin to have a height of about 1 .5 
urn. A vertical alignment film 36 is formed on an entire 
surface under the glass substrate 31, and surfaces of 
the pixel electrodes 32 and the projection patterns 35 
are covered with the vertical alignment film 36. In FIG.4, 
frustum portions, which are indicated by broken lines on 
intersecting portions between the data bus lines 33a 
and the gate bus lines 33b, indicate positions with which 
projection pattern 45 on the CF substrate 40, described 
later, comes into contact. 

[0029] In more detail, the CF substrate 40 consists 
of a glass substrate 41 , a black matrix 42 formed on the 
upper surface side of the glass substrate 41 , color filters 
43, an opposing electrode 44, a vertical alignment film 
46, etc. More particularly, as shown in FIG.5, the black 
matrix 42 formed of a thin film of chromium (Cr) is 
formed on an upper surface of the glass substrate 41. 
The black matrix 42 is formed to cover the drain bus 
lines 33a, the gate bus lines 33b, the auxiliary capaci- 
tance electrodes 33c and the TFTs 37 on the TFT sub- 
strate 30. 

[0030] Also, the color filters 43 of red (R), green (G), 
and blue (B) are formed on the glass substrate 41. 
These color filters 43 are positioned at positions which 
oppose to the pixel electrodes 32 of the TFT substrate 
30 such that any one of red, green, and blue color filters 
43 can correspond to one pixel electrode 32. Edge por- 
tions of the color filters 43 are overlapped with edge por- 
tions of the black matrix 42. 

[0031] The opposing electrode 44 made of ITO is 
formed on the black matrix 42 and the color filters 43. 
The projection patterns 45 are formed on the opposing 
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electrode 44 in a zig-zag fashion, as indicated by a thick 
line in FIG. 5. The projection pattern 45 is formed of 
insulating resin to have a height of about 4.0 u.m. The 
vertical alignment film 46 is formed on the opposing 
electrode 44. Surfaces of the projection patterns 45 are 5 
covered with the vertical alignment film 46. As shown in 
FIG. 5, the projection patterns 45 formed on the CF sub- 
strate 40 side are positioned between the projection 
patterns 35 formed on the TFT substrate 30 side 
respectively. 10 
[0032] In the first embodiment, each of the projec- 
tion patterns 35 formed on the TFT substrate 30 side 
has a height of about 1.5 ^m, while each of the projec- 
tion patterns 45 formed on the CF substrate 40 side has 
a height of about 4.0 urn. Then, as shown in FIG.3, top 15 
end portions of the projection patterns 45 formed on the 
CF substrate 40 side come contact into the TFT sub- 
strate 30 to keep the cell thickness constant. Therefore, 
in the first embodiment, the spacers (spherical or cylin- 
drical members) which are needed in the prior art can 20 
be omitted, and also short-circuits between the pixel 
electrodes 32 on the TFT substrate 30 side and the 
opposing electrode 44 on the CF substrate 40 side can 
be avoided without fail. Also, if the spherical or cylindri- 
cal spacers are employed as in the liquid crystal display 25 
device in the prior art, the alignment of the liquid crystal 
molecules is disordered to cause a defective display 
since such liquid crystal molecules are aligned along 
the surfaces of the spacers in the neighborhood of the 
spacers. However, since the spherical or cylindrical 30 
spacers are not employed in the first embodiment, the 
good display quality can be achieved. 
[0033] In addition, in the first embodiment, align- 
ment partition can be achieved by the projection pat- 
terns 35 formed on the TFT substrate 30 side and the 35 
projection patterns 45 formed on the CF substrate 40 
side. FIG.6A is a schematic view illustrating the princi- 
ple upon which the alignment partitions can be achieved 
by projection patterns. 

[0034] In the liquid crystal display device shown in 40 
FIG.6A, an electrode 2a is formed on one substrate 1a, 
and then projection patterns 3a formed of insulating 
material are formed on the electrode 2a. Surfaces of the 
electrode 2a and the projection patterns 3a are covered 
with a vertical alignment film 4a. An electrode 2b is as 
formed under the other substrate 1 b, and projection pat- 
terns 3b formed of insulating material are formed under 
the electrode 2b. Surfaces of the electrode 2b and the 
projection patterns 3b are covered with a vertical align- 
ment film 4b. 50 
[0035] Normally, in the vertically aligned liquid crys- 
tal display device, in order to make uniform the direc- 
tions along which the liquid crystal molecules are 
inclined when the voltage is applied between the pixel 
electrodes and the opposing electrode, a rubbing proc- 55 
ess is applied to the surfaces of the alignment films. 
However, as shown in FIG.6B, if the projection patterns 
3a are provided between the electrode 2a and the align- 



ment film 4a and also the projection patterns 3b are pro- 
vided between the electrode 2b and the alignment film 
4b, the liquid crystal molecules located near the projec- 
tion patterns 3a, 3b are aligned in the direction perpen- 
dicular to the surfaces of the projection patterns 3a, 3b. 
If the voltage is applied between the electrodes 2a, 2b 
under this condition, the inclination directions of the liq- 
uid crystal molecules 5 sealed between the electrodes 
2a, 2b are determined by the influence of the liquid crys- 
tal molecules located near the projection patterns 3a, 
3b. That is, the liquid crystal molecules 5 are inclined 
oppositely on both sides of the projection patterns 3a, 
3b. As a result, the alignment partition can be achieved 
(without the rubbing process being applied to the align- 
ment films 4a, 4b). 

[0036] In place of provision of the projection pat- 
terns 3b onto the substrate 1b side, as shown in FIG.6B, 
slits may be provided to the electrode 2b. In this case, 
when the voltage is applied between the electrodes 2a, 
2b, the liquid crystal molecules are also inclined oppo- 
sitely on both sides of the projection pattern 3a and the 
slits 6. As a result, the alignment partition can be 
achieved. 

[0037] In the first embodiment, as shown in FIG.3, 
since the projection patterns 45, 35 are formed in a zig- 
zag fashion on the opposing electrode 44 and under the 
pixel electrodes 32 respectively, the alignment direction 
of the liquid crystal molecules can be partitioned into 
two directions or more in one pixel region. Accordingly, 
good visual characteristics (including the contrast char- 
acteristic) can be achieved. In addition, in the first 
embodiment, the cell thickness can be held constant by 
the projection patterns 45 provided on the CF substrate 
40 side. Since the projection patterns 45 are fixed onto 
the opposing electrode 44, the cell thickness is never 
changed due to vibration or impact, and as a result, 
degradation of the display quality can be prevented. 
[0038] When the pattern width of the projection pat- 
tern (projection pattern 35 formed in the pixel regions) 
to attain the alignment partition is too narrow, the effect 
of alignment partition cannot be sufficiently achieved. 
Conversely, if the pattern width of the projection pattern 
35 to attain the alignment partition is too wide, the bright 
image cannot be displayed since an aperture ratio is 
reduced. Therefore, it is preferable that the pattern 
width of the projection pattern 35 to attain the alignment 
partition is set between 3 to 1 5 urn. 
[0039] In addition, if the height of the projection pat- 
tern 35 to attain the alignment partition is too low, the 
effect of the alignment partition cannot be sufficiently 
achieved. Therefore, the height of the projection pattern 
35 to attain the alignment partition must be set to more 
than 1/5 of the cell thickness in the opening portion of 
the light shielding film 42 (black matrix). 
[0040] In place of the projection pattern 35 to attain 
the alignment partition, as shown in FIG.6B and FIG. 7, 
slits 6, 32a may be formed on the electrodes 2b, 32. 
Accordingly, since the direction of the electric field is 
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slightly inclined relative to surfaces of the electrodes in 
the neighborhood of the slits 6, 32a when the voltage is 
applied to the electrodes 2b, 32. the alignment partition 
can be achieved like the case where the projection pat- 
tern is provided. 

[0041] In Patent Application Publication (KOKAI) 
Hei 7-311383, there is disclosed a liquid crystal display 
device wherein a projection pattern formed of silicon 
nitride or silicon oxide is provided on the substrate and 
then a transparent electrode and an alignment film are 
formed thereon. However, the technology disclosed in 
Patent Application Publication (KOKAI) Hei 7-31 1383 is 
associated with a horizontally aligned liquid crystal dis- 
play device, and therefore the operation and the advan- 
tages are different from those of the present invention. 
In other words, since the electrode is formed above the 
projection pattern, the electrode has a slant surface to 
the substrate if the above technology is applied to the 
vertically aligned liquid crystal display device, liquid 
crystal molecules are aligned perpendicularly to the 
slant surfaces when no voltage is applied, while the liq- 
uid crystal molecules are aligned in parallel with the 
slant surfaces when voltage is applied. However, it can- 
not be defined to which side the liquid crystal molecules 
are rotated in the neighborhood of the slant surfaces 
when the voltage is applied, so that a disturbance of the 
alignment is caused. In contrast, in the present inven- 
tion, since the electrode is parallel with the substrate, 
the electric field is applied along the oblique direction to 
the liquid crystal molecules, which are aligned in the 
direction perpendicular to the slant surfaces of the pro- 
jection pattern, when voltage is applied. As a result, the 
rotating direction of the liquid crystal molecules can be 
defined to thus prevent disturbance of the alignment. 
[0042] Next, a method of manufacturing the liquid 
crystal display device according to the first embodiment 
will be explained hereinbelow. 

[0043] The TFT substrate 30 is formed as follows. 
First, according to the well known method, the drain bus 
lines 33a, the gate bus lines 33b, the auxiliary capaci- 
tance electrodes 33c, the TFTs 37, the pixel electrodes 
32, and the insulating films 34a to 34c are formed on the 
glass substrate 31 (on the lower side in FIG.1). In this 
case, thicknesses of the drain bus lines 33a, the gate 
bus lines 33b, and the auxiliary capacitance electrodes 
33c are set to 0.15 ujn, for example; a thickness of the 
insulating film 34a is set to about 0.35 u.m, for example; 
a thickness of the silicon film 37b is set to 0.03 fim, for 
example; a thickness of the pixel electrode 32 is set to 
0.07 nm, for example; and a thickness of the insulating 
film 34c is set to 0.33 |im, for example. 
[0044] Then, photoresist of about 1 .5 u.m thickness 
is coated on the overall upper surface of the glass sub- 
strate 31 , and then is exposed by using a mask having 
a predetermined pattern. Then, the projection patterns 
35 each has a thickness of about 1 .5 u.m and a width of 
about 10 urn are formed in a zig-zag fashion by applying 
a developing process. In this case, as shown in FIG.4, 



one pixel region may be partitioned into at least two 
areas by the projection patterns 35. 
[0045] In turn, the vertical alignment film 36 formed 
of polyamic acid is formed on the glass substrate 31 at 
5 a predetermined pattern to have a thickness of about 
0.1 ^im. Thus, the TFT substrate 30 can be completed. 
In this case, in addition to the above polyamic acid film, 
a polyimide film and an inorganic film formed by oblique 
evaporation, etc. may be employed as the vertical align- 
to ment film. 

[0046] Then, the CF substrate 40 is formed as fol- 
lows. First, a chromium (Cr) film of about 0.16 (im thick- 
ness is formed on the glass substrate 41, then 
photoresist having a predetermined pattern is formed 
15 on the chromium film, and then the black matrix 42 is 
formed by etching the chromium film while using the 
photoresist as a mask. 

[0047] Then, the color filters 43 of red (R), green 
(G), and blue (B) are formed by coating blue resin, red 

20 resin, and green resin on the glass substrate 41 respec- 
tively. The thicknesses of the color filters 43 are set to 
about 1.5 \im, for example. Also, edge portions of the 
color filters 43 are set to overlap slightly with edge por- 
tions of the black matrix 42. 

25 [0048] Then, the opposing electrode 44 of about 
0.15 nm thickness is formed by sputtering ITO, for 
example, onto the overall upper surface of the substrate 
41. Then, photoresist of about 4.0 |im thickness is 
coated on the opposing electrode 44. Then, as shown in 

30 FIG.5, the projection patterns 45, each having a thick- 
ness of about 4.0 jam and a width of about 10 urn, are 
formed in a zig-zag fashion by exposing and developing 
the photoresist. 

[0049] Next, the vertical alignment film 46 formed of 
35 polyamic acid is formed over the glass substrate 41 to 
have a thickness of about 0.1 ^m. Thus, the CF sub- 
strate 40 is completed. 

[0050] After the TFT substrate 30 and the CF sub- 
strate 40 have been formed in this manner, they are 

40 arranged with their surfaces opposite each other on 
which the alignment films 36, 46 are formed respec- 
tively, and then the edge portions of the TFT substrate 
30 and the edge portions of the CF substrate 40 are 
stuck together to define a liquid crystal injection port. 

45 Then, the TFT substrate 30 and the CF substrate 40 
being stuck together are cut into a desired size as the 
case may be. 

[0051] Then, the liquid crystal 49 having a negative 
dielectric anisotropy is injected into the space between 

so the TFT substrate 30 and the CF substrate 40, and then 
the liquid crystal injection port is tightly sealed. Then, 
the polarizing plates are stuck onto the outer surfaces of 
the TFT substrate 30 and the CF substrate 40 respec- 
tively. Accordingly, the liquid crystal display device 

55 according to the first embodiment is completed. 

[0052] In the first embodiment, since cell thickness 
is maintained constant by the projection patterns 45 
provided on the CF substrate 40, a step of scattering 
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spherical or cylindrical spacers which are needed in the 
prior art is not required. In addition, since changes in 
cell thickness due to movement of spacers can be pre- 
vented, generation of an irregular display can be 
avoided. Furthermore, since alignment partition can be 
achieved by the projection patterns 35, 45, there is no 
necessity to apply a rubbing process to the alignment 
films 36, 46 and thus both the rubbing step and the 
cleaning step performed after the rubbing step can be 
omitted. Furthermore, since the projection patterns 45 
are fixed to the opposing electrode 44, displacement of 
the projection patterns 45 caused by vibration or impact 
does not occur and thus changes in cell thickness can 
be prevented. Accordingly, reliability of the liquid crystal 
display device can be improved. Moreover, in the first 
embodiment, since the liquid crystal molecules are 
aligned so as to intersect orthogonally with the inclined 
surfaces of the projection patterns 35, 45, the alignment 
directions of the liquid crystal molecules become differ- 
ent on bath sides of the projection patterns 35, 45, so 
that the alignment partition can be achieved. As a result, 
good visual characteristics can be obtained. 
[0053] Although when the projection patterns 35 
are provided on the TFT substrate side as explained in 
the first embodiment, slits may be provided in the pixel 
electrodes 32 (see FIG.6B) in place of provision of the 
projection patterns 35. In this case, the alignment parti- 
tion can also be achieved and therefore the similar 
advantages to the above first embodiment can be 
attained. 

[0054] FIG.7 is a view showing an example in which 
slits are formed in the pixel electrodes 32 on the TFT 
substrate 30 side. In this example, the slits 32a are pro- 
vided in the pixel electrodes 32 in parallel with the pro- 
jection patterns 45 formed on the CF substrate 40 side. 
According to such a structure, when the voltage is 
applied, the direction of the electric field is inclined rela- 
tive to the substrate in the neighborhood of the slits and 
thus the liquid crystal molecules are inclined in the 
direction toward the projection patterns. As a result, like 
the above first embodiment, the alignment partition can 
also be achieve. 

[0055] In the present invention, if the width or the 
height of the projection pattern to achieve the alignment 
partition is too large, an open area ratio is reduced to 
then cause reduction in the transmittance of light. On 
the contrary, if the width or the height of the projection 
patterns is too small, the advantage of the alignment 
partition cannot be achieved, otherwise pattern discon- 
nection is liable to occur upon forming the projection 
patterns. As a result, it is preferable that the width and 
the height of the projection pattern to achieve the align- 
ment partition should be appropriately set in accord- 
ance with the cell thickness. 

[0056] The height and the width of the projection 
pattern to achieve the alignment partition (the projection 
pattern 35 in the first embodiment) will be explained 
hereunder. 



[0057] FIG.8 is a graph showing the relationship 
between a ratio of a height of the projection pattern and 
a cell thickness and a transmittance of a light on a white 
display, wherein an abscissa denotes the ratio of the 

5 height of the projection pattern and the cell thickness 
and an ordinate denotes the transmittance of the light 
on the white display. As can be seen from FIG.8, if the 
ratio of the height of the projection pattern and the cell 
thickness is set to more than 0.2, the transmittance of 

10 light is in excess of about 3 % and thus a bright image 
with high contrast can be displayed. Therefore, it is pref- 
erable that the height of the projection pattern to 
achieve the alignment partition should be set to more 
than twice the cell thickness. More preferably, the range 

t5 of the height of the projection pattern is set between 0.2 
to 0.8 times the cell thickness, and still more preferably 
between 0.3 to 0.5 times the cell thickness. 
[0058] FIG.9 is a graph showing the relationship 
between a pattern width of the projection pattern and 

20 the transmittance of light on a white display, wherein an 
abscissa denotes the pattern width of the projection pat- 
tern and an ordinate denotes the transmittance of light 
on the white display. As can be seen from FIG.9, the 
transmittance exceeds about 3 % by setting a pattern 

25 width of the projection pattern of 5 urn to 15 u.m, and 
therefore a bright image with high contrast can be dis- 
played. Therefore, it is preferable that the pattern width 
of the projection pattern should be between 5 urn to 15 
urn. 

30 

(Second Embodiment) 

[0059] FIG. 10 is a sectional view showing a liquid 
crystal display device according to a second embodi- 

35 ment of the present invention. FIG. 11 is a plan view 
showing a CF substrate of the liquid crystal display 
device according to the second embodiment. Since a 
difference of the second embodiment from the first 
embodiment is that a different structure of the CF sub- 

40 strate is employed, the same symbols are affixed to the 
same constituent elements in FIG. 10 as those in FIG. 3 
and their detailed explanation will be omitted hereunder. 
[0060] A black matrix 52 is formed on a glass sub- 
strate 51 onaCR substrate 50 side to coincide with a 

45 gate bus lines 33b, a drain bus lines 33a, TFTs and aux- 
iliary capacitance electrodes on a TFT substrate 30. 
This black matrix 52 is formed of black resin to have a 
thickness of about 4 urn The red (R), green (G), and 
blue (B) color filters 53 are formed at opening portions 

so of the black matrix 52. The thickness of each color filter 
53 is about 1.5 um. Then, an opposing electrode 54 
formed of ITO is formed on the black matrix 52 and the 
color filters 53. Then, as shown in FIG.11, a projection 
pattern 55 of about 1.5 \xm height is formed on the 

55 opposing electrode 54 in a zig-zag fashion. Then, a ver- 
tical alignment film 56 is formed on the opposing elec- 
trode 54, and a surface of the projection pattern 55 is 
covered with the alignment film 56. The projection pat- 
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tern 55 on the CF substrate 50 side comes into contact 
with the TFT substrate 30 at portions (frustum portions 
indicated by a broken line in FIG. 4) where the data bus 
lines 33a intersect with the gate bus lines 33b. 
[0061] In this embodiment the black matrix (light 
shielding film) 52 is formed thick and then the first pro- 
jection pattern 55 is formed thereon to come into con- 
tact with the other substrate. A reduction in open area 
ratio can be prevented by arranging some portions of 
the projection pattern, which contact the other sub- 
strate, on the light shielding film. 
[0062] Further, as shown in FIG. 12, the light shield- 
ing film 52 may be formed by overlapping more than two 
color filters of three color filters of red (R), green (G), 
and blue (B). In this case, manufacturing steps can be 
simplified compared to the method by which the light 
shielding film is formed by using metal such as chro- 
mium (Cr), etc. 

[0063] A method of manufacturing a liquid crystal 
display device according to the second embodiment will 
be explained hereunder. In this case, the method of 
manufacturing the TFT substrate is similar to that in the 
first embodiment and therefore their explanation will be 
omitted. 

[0064] First, the black matrix 52 of about 4.0 Jim 
thickness is formed of black resin on the glass substrate 
51 . Although material of the black matrix 52 is not par- 
ticularly limited, an acrylic resin into which carbon black 
is mixed, for example, may be employed. In this case, 
the black matrix 52 is formed by coating the carbon 
black-mixed acrylic resin on the glass substrate 51. 
[0065] Then, the red (R), green (G), and blue (B) 
color filters 53 are formed in respective pixel regions by 
coating sequentially red resin, green resin, and blue 
resin onto the opening portions of the black matrix 52 on 
the glass substrate 51 to have a thickness of about 1 .5 
^m. Accordingly, a difference in level of about 2.5 \im is 
formed between the black matrix 52 and the color filters 
53. 

[0066] Next, the opposing electrode 54 of about 
0.15 urn thick is formed by sputtering ITO on the entire 
upper surface of the glass substrate 51 . Then, the pro- 
jection pattern 55 is formed in a zig-zag fashion on the 
opposing electrode 54 to have a height of about 1.5 jim 
and a width of about 10 urn. Like the first embodiment, 
the projection pattern 55 is formed by using photoresist. 
In this case, if the width of the projection pattern of the 
exposure mask is uniform, as shown in FIG. 13, the 
width of the projection pattern 55 on the black matrix 52 
is narrowed relative to other portions after the exposure 
and development processes, so that there is a possibil- 
ity that the strength necessary for the spacers cannot be 
assured. Therefore, it is preferable that, as shown in 
FIG.11, the width of the projection pattern 55 on the 
black matrix 52 should be formed wider than other por- 
tions. 

[0067] Then, the vertical alignment film 56 formed 
of polyamic acid is formed on the opposing electrode 54 



to have a thickness of about 0.15 \im. The surfaces of 
the opposing electrode 54 and the projection pattern 55 
are covered with the vertical alignment film 56. As a 
result, the CF substrate 50 is completed. 

5 [0068] Then, as shown in FIG. 10, the TFT substrate 
30 and the CF substrate 50 are superposed while 
directing their surfaces, on which the alignment films 36, 
56 are formed respectively, toward the inside. In this 
case, the projection pattern 55 on the black matrix 52 

10 comes into contact with the TFT substrate 30, so that a 
clearance (cell thickness) between the CF substrate 50 
and the TFT substrate 30 can be kept constant (about 4 
fim). 

[0069] Then, edge portions of the CF substrate 50 

15 and the TFT substrate 30 are joined together and then 
the liquid crystal having negative dielectric anisotropy is 
sealed into a clearance between them. Then, the polar- 
izing plates (not shown) are arranged on the outside of 
the CF substrate 50 and the TFT substrate 30 respec- 

20 tively. As a result, the liquid crystal display device 
according to the second embodiment is completed. 
[0070] In the second embodiment, the alignment 
partition can be achieved by the projection patterns 35, 
55 and thus good visual characteristics can be obtained 

25 like the first embodiment. Also, since the cell thickness 
can be maintained constant by the projection pattern 55 
on the black matrix 52 and such cell thickness is not 
changed due to vibration or impact, degradation of the 
display quality can be avoided. In addition, a step of 

30 scattering spherical or cylindrical spacers and a step of 
performing a rubbing process of the alignment films 
(both are needed in the prior art), can be omitted, so 
that there can be achieved such an advantage that the 
steps of manufacturing the liquid crystal display device 

35 can be simplified. Further, since the alignment direction 
of the liquid crystal molecules can be decided by the 
projection patterns 35, 55, an overcoat film does not 
need to be formed on the CF substrate Furthermore, in 
the second embodiment, since the width of the projec- 

40 tion pattern 55 on the black matrix 52 is formed thicker 
than other portions, such a situation can be avoided that 
the pattern width of the projection pattern 55 on the 
black matrix 52 is narrowed upon forming the projection 
pattern 55. Therefore, a height of the projection pattern 

45 55 for holding the cell thickness can be formed uniformly 
and thus variation of the cell thickness can be sup- 
pressed. 

[0071] Also, in the second embodiment, as shown 
in FIG.7, slits may be provided to the pixel electrodes 32 
so instead of forming the projections 35 on the TFT sub- 
strate 30 side. 

(Third Embodiment) 

55 [0072] FIG. 12 is a sectional view showing a liquid 
crystal display device according to a third embodiment 
of the present invention. FIG. 14 is a plan view showing 
a CF substrate of the liquid crystal display device 
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according to the third embodiment. One difference 
between the third embodiment and the second embodi- 
ment is that a structure of the CF substrate side is differ- 
ent. Because remaining portions of the third 
embodiment are basically similar to those of the second 
embodiment, the same symbols are affixed to the same 
constituent elements in FIGS.12 and 14 as those in 
FIGS.10 and 11 and their detailed explanation will be 
omitted hereunder. 

[0073] A red (R) color filter 53R, green (G) color fil- 
ter 53G, and blue (B) color filter 53B are formed on a 
glass substrate 51 on a CR substrate 50 side. These 
color filters 53R, 53G, 53B are overlapped as a triple 
layer at positions which to coincide with gate bus lines 
33b ( drain bus lines 33a, TFTs and auxiliary capaci- 
tance electrodes on TFT substrate 30 to form a black 
matrix 52. Each thickness of these color filters 53R, 
53G, 53G is about 1 .5 urn. These color filters 53R, 53G t 
53G are formed by coating red resin, green resin, and 
blue resin. In this case, if the color filters 53R t 53G, 53G 
are formed in this manner, thicknesses of the color fil- 
ters 53R, 53G, 53G on the overlapping area (black 
matrix 52) are slightly thinner than those of the color fil- 
ters 53R, 53G, 53G in the flat areas (pixel regions). 
[0074] Opposing electrode 54 formed of ITO is 
formed on these color filters 53R, 53G, 53B to have a 
thickness of about 0.15 \im. Then, as shown in FIG. 14, 
a projection pattern 55 of about 1 .5 |im height is formed 
of insulating resin on the opposing electrode 54 in a zig- 
zag fashion. The width of the projection pattern 55 
becomes thick at four corner portions of each pixel 
region. Further, it is preferable that, as shown in FIG. 
14, the strength of the projection pattern 55 located at 
positions where the projection pattern 55 intersects with 
the black matrix 52 should be reinforced by providing 
projection pattern 55a. 

[0075] Vertical alignment film 56 formed of polyamic 
acid is formed on the opposing electrode 54, and sur- 
faces of the projection patterns 55, 55a are covered with 
the alignment film 56. 

[0076] A method of manufacturing a liquid crystal 
display device according to the third embodiment will be 
explained with reference to FIGS.15A to 15E hereunder. 
In this case, since the method of manufacturing the TFT 
substrate is similar to that in the first embodiment, its 
explanation will be omitted in this disclosure. 
[0077] First, as shown in FIG.15A, the color filter 
53B is formed by coating the blue resin on the blue pixel 
region and the area serving as the black matrix 52 on 
the glass substrate 51 to a thickness of about 1.5 jim. 
[0078] Then, as shown in F1G.15B, the color filter 
53R is formed by coating the red resin on the red pixel 
region and the area serving as the black matrix 52 on 
the glass substrate 51 to a thickness of about 1 .5 urn. 
[0079] Then, as shown in FIG.15C, the color filter 
53G is formed by coating the green resin on the green 
pixel region and the area serving as the black matrix 52 
on the glass subtrate 51 to a thickness of about 1 .5 u.m. 



[0080] Then, as shown in FIG.15D, the opposing 
electrode 54 is formed by coating ITO on the entire 
upper surface of the glass substrate 51 to have a thick- 
ness of about 0.15 fim. Then, as shown in FIG.15E, the 

5 projection pattern 55 is formed by coating photosensi- 
tive resin on the opposing electrode 54, then exposing 
the photosensitive resin via an exposure mask having 
the projection pattern, and then applying a development 
process. Then, the vertical alignment film 56 is formed 

10 by coating polyamic acid onto the glass substrate 51 to 
have a thickness of about 0.1 fim. 
[0081] Then, as shown in FIG.12, the TFT substrate 
30 and the CF substrate 50 are superposed while 
directing their surfaces, on which the alignment films 36, 

15 56 are formed respectively, toward the inside, and then 
a liquid crystal 49 having the negative electrostatic ani- 
sotropy is sealed into a clearance between them. At this 
time, the TFT substrate 30 and the CF substrate 50 
come into contact with each other via the projection pat- 

20 tern 55 on the black matrix 52, so that the cell thickness 
can be kept constant. As a result, the liquid crystal dis- 
play device according to the third embodiment is com- 
pleted. 

[0082] In the third embodiment, the black matrix 52 

25 is formed by superposing the color filters 55R, 55G, 55B 
of three colors R • G • B. Therefore, since a step of form- 
ing the black matrix 52 by coating the black resin, which 
is needed in the second embodiment, can be omitted 
and in addition a step of scattering the spacers and a 

30 step of applying a rubbing process can be neglected, 
the manufacturing steps can be much more simplified. 
Although the black matrix 52 is formed by superposing 
three colors R • G • B in this example, more than two 
color filters including the blue color filter having the high- 

35 est light shielding property may be superposed to form 
the black matrix. For example, since a light shielding 
rate (OD value) exceeds 2.0 (the transmittance is less 
than 1x10' 2 ) by superposing the red and the blue, suffi- 
cient light shielding property can be achieved by merely 

40 superposing the red and blue color filters 55R, 55B. 
[0083] In addition, in the third embodiment, portions 
of the black matrix 52 are protruded from other portions 
by overlapping the color filters 55R, 55G, 55B, and then 
the projection pattern 55 is formed thereon so as to 

45 bring the CF substrate 50 into contact with the TFT sub- 
strate 30 via the projection pattern 55, so that the cell 
thickness is kept constant. Therefore, there is no possi- 
bility that the cell thickness is varied by vibration or 
impact, and thus good display quality can be main- 

so tained. 

[0084] In the above embodiments, the color filters 
53R, 53G, 53B are formed by coating red resin, green 
resin, blue resin on the glass substrate. However, these 
color filters may be formed by a thermal transfer film 
55 (dry film). If the color filters are formed by coating the 
resin like the above embodiments, such a phenomenon 
known as leveling occurs so that the resin flows from the 
high portion to the low portion until drying of the resin is 
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completed. For this reason, according to the cell thick- 
ness, it is difficult to form the black matrix having a pre- 
determined height by overlapping the color filters. In 
such case, the black matrix having a predetermined 
height can be formed by employing the thermal transfer 
film. 

[0085] For example, the blue color filter 53B is 
formed by thermally transferring (laminating) the blue 
thermal transfer film whose coloring layer has a thick- 
ness of 2.0 u.m onto the overall surface of the glass sub- 
strate 51 and then applying the exposure and 
development processes. Then, the red color filter 53R is 
formed by thermally transferring the red thermal transfer 
film onto the overall surface of the glass substrate 51 
and then applying the exposure and development proc- 
esses. Then, the green color filter 53G is formed by 
thermally transferring the green thermal transfer film 
onto the overall surface of the glass substrate 51 and 
then applying the exposure and development proc- 
esses. 

[0086] According to this method, since the coloring 
layer is transferred onto the glass substrate 51 in a tem- 
porarily dried condition, leveling is not caused at the 
overlapped portions of the color filters. Finally, each 
thickness of the color filters 53R, 53G, 53B is about 1 .5 
\im. Therefore, the black matrix having a total film thick- 
ness of about 4.5 urn can be formed. 
[0087] FIG. 16 is a sectional view showing a varia- 
tion of the liquid crystal display device according to the 
third embodiment. In this example, a thickness of the 
blue (B) color filter 53B is formed thicker than thick- 
nesses of other color filters 53R, 53G. More particularly, 
the thickness of the blue (B) color filter 53B is set to 
about 2.0 urn, and each thickness of the red and green 
color filters 53R, 53G is set to about 1.5 um. Accord- 
ingly, the cell thickness is about 3.5 urn in the blue pixel 
portion and the cell thickness is about 4.0 urn in the red 
and green pixel portions. 

[0088] FIG. 17 is a graph showing the relationship 
between cell thickness (thickness of the liquid crystal 
layer) in respective color pixels and the transmittance of 
the light, wherein an abscissa denotes the cell thickness 
and an ordinate denotes the transmittance of light (rela- 
tive value). As shown by FIG. 17, in the case of the blue 
(B) pixel, the transmittance has a peak around about 3.5 
jim of the thickness of the liquid crystal layer. In con- 
trast, in the case of the red (R) and green (G) pixels, the 
transmittance has a peak around about 4.0 to 4.5 ^im of 
the thickness of the liquid crystal layer. 
[0089] In this way, an optical characteristic And can 
be optimized by adjusting the thickness of the liquid 
crystal layer every color (every pixel) of the color filters. 
As a result, in the case of a normally black mode liquid 
crystal display device, such an advantage can be 
achieved that characteristics such as chromaticity char- 
acteristics, transmittance characteristics, and contrast, 
etc. can be improved. 



(Fourth Embodiment) 

[0090] FIG. 18 is a sectional view showing a liquid 
crystal display device according to a fourth embodiment 

5 of the present invention. FIG. 19 is a sectional view 
showing a part of the liquid crystal display device in 
FIG. 18 in an enlarged fashion. FIG.20 is a plan view 
showing a CF substrate 1 10 of the liquid crystal display 
device according to the fourth embodiment. In FIGS. 18 

w and 19, the CF substrate 110 is depicted on the upper 
side and a TFT substrate 100 is depicted on the lower 
side. Also, in FIG. 18, illustration of alignment films 106, 
116 shown in FIG. 19 is omitted. In addition, in FIG.20, a 
slit 102a provided in a pixel electrode 102 on the TFT 

15 substrate 100 side is indicated by a dot-dash line. 
FIG.21 is a sectional view showing the sectional shape 
taken along a line A-A in FIG.20. 
[0091] The liquid crystal display device according to 
the fourth embodiment has a structure in which a liquid 

20 crystal 49 having a negative dielectric anisotropy is 
sealed between the TFT substrate 100 and the CF sub- 
strate 110. Polarizing plates (not shown) are arranged 
on the lower side of the TFT substrate 100 and the 
upper side of the CF substrate 110 respectively. These 

25 polarizing plates are arranged such that their polariza- 
tion axes intersect with each other. 
[0092] The TFT substrate 100 consists of a glass 
substrate 101 , pixel electrodes 102 formed on the upper 
surface side of the glass substrate 101, insulating films 

30 104a, 104b, an alignment film 106, TFTs, etc. More par- 
ticularly, as shown in FIG. 19, a plurality of gate bus lines 
103b, a plurality of drain bus lines 103a, and pixel elec- 
trodes 102 formed of ITO are formed on the upper sur- 
face side of the glass substrate 101. The gate bus lines 

35 103b and the drain bus lines 103a are isolated by insu- 
lating film 104a respectively. The drain bus lines 103a 
and the pixel electrodes 102 are isolated by insulating 
film 104b respectively. Slits 102a are provided to the 
pixel electrodes 102 to decide the alignment direction of 

40 the liquid crystal molecules (see FIG.7). As shown in 
FIG.20, the slits 102a are provided in a zig-zag fashion 
to partition the pixel into plural areas. Also, the vertical 
alignment film 106 is formed on the overall upper sur- 
face of the glass substrate 101 , and the surfaces of the 

45 pixel electrodes 102 are covered with the vertical align- 
ment film 106. 

[0093] Meanwhile, the CF substrate 1 1 0 consists of 
a glass substrate 111, color filters 113R, 113G, 113B 
formed on the lower surface side of the glass substrate 

so 111, an opposing electrode 114, a vertical alignment 
film 116, etc. More particularly, as shown in FIG. 19, the 
red (R), green (G), and blue (B) color filters 113R, 
113G, 113B are formed on the lower surface of the 
glass substrate 111. Any one color filter of the red, 

55 green, and blue color filters 113R, 113G, 113B are 
arranged in respective pixel electrodes. Also, the color 
filters 1 13R, 1 13G, 1 13B are overlapped in pixel-to-pixel 
regions as a triple layer so as to constitute a black 
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matrix 112. The opposing electrode 114 made of ITO is 
formed on the lower surface side of the glass substrate 
1 1 1 to cover the black matrix 112 and these color filters 
113R, 113G, 113B. 

[0094] Cell thickness adjusting layers 117 made of 
insulating resin are formed under portions of the black 
matrix 112 at which the data bus lines 103a intersect 
with the gate bus lines 103b. 

[0095] In addition, as shown in FIG.20, a projection 
pattern 115 is formed on the opposing electrode 114 
and under the cell thickness adjusting layers 117 in a 
zig-zag fashion. Further, the vertical alignment film 116 
is formed on the whole tower surface of the opposing 
electrode 114. Surfaces of the opposing electrode 114 
and the projection pattern 115 are covered with the ver- 
tical alignment film 116. 

[0096] The TFT substrate 1 00 and the CF substrate 
1 10 are arranged such that their surfaces on which the 
vertical alignment films 102, 116 are formed are oppo- 
site each other. A distance (cell thickness) between the 
TFT substrate 100 and the CF substrate 110 can be 
kept constant by bringing the projection patterns 115 
formed on the lower side of the cell thickness adjusting 
layers 117 on the CF substrate 110 into contact with 
intersection portions between the gate bus lines 103b 
and the drain bus lines 103a on the TFT substrate 100. 
The portion maintaining a constant cell thickness 
between the TFT substrate and the CF substrate is 
called the spacer portion hereinafter. 
[0097] FIGS.22A to 22F are sectional views show- 
ing a method of manufacturing the CF substrate of a liq- 
uid crystal display device according to the fourth 
embodiment in order of each step. In FIGS. 22A to 22F, 
the CF substrate is depicted with an upper surface on 
which the color filters are stacked. 
[0098] First, as shown in FIG.22A, the blue color fil- 
ter 1 1 3B of a 1 .5 u.m thickness is formed in blue pixel 
regions, the black matrix forming area, and mark form- 
ing areas such as alignment marks (not shown) on the 
glass substrate 111. Photosensitive resist into which 
blue pigment is scattered is used as material for the blue 
color filter 113B. This blue color filter 113B can be 
formed by coating the photosensitive resist on the glass 
substrate 111 and then applying the exposure and 
development processes. 

[0099] Then, as shown in FIG.22B, the red color fil- 
ter 113R of a 1.5 jim thickness is formed in red pixel 
regions and the black matrix forming area on the glass 
substrate 1 1 1 by using red pigment-distributed photo- 
sensitive resist. 

[0100] Then, as shown in FIG.22C, the green color 
filter 1 1 3G of a 1 .5 urn thickness is formed in green pixel 
regions and the black matrix forming area on the glass 
substrate 1 1 1 by using green pigment-distributed pho- 
tosensitive resist. 

[01 01] In the fourth embodiment, the black matrix is 
formed by overlapping the color filters 113R, 113G, 
113B. In this case, the filters become thinner where the 



filters overlap than in the portions over the pixel regions. 
In case each thickness of the color filters 113R, 113G, 
1 13B is set to 1 .5 urn as described above, the height of 
the overlapped portion (a projection height from a sur- 
5 face of the color filter in the pixel region) is about 1.8 
um. 

[0102] Then, as shown in FIG.22D, an opposing 
electrode 1 14 is formed by a layer of ITO on the overall 
upper surface of the glass substrate 1 1 1 to have a thick- 

10 ness of 150 nm. 

[0103] Then, as shown in FIG.22E, the cell thick- 
ness adjusting layers 1 17 of an about 3.0 um height are 
formed in predetermined areas (spacers) on the oppos- 
ing electrode 114. For example, positive novolak resin 

is (photosensitive resist) may be employed as material of 
the cell thickness adjusting layer 117. In this case, the 
cell thickness adjusting layers 1 17 are formed by coat- 
ing the novolak resin on the entire upper surface of the 
glass substrate 111 and then applying an exposure and 

20 development processes. 

[0104] Then, as shown in FIG.22F, the projection 
pattern 1 15 of an about 1.5 um height is formed on the 
upper surface of the glass substrate 111. In this case, 
the height of the projection pattern 115 is slightly low- 

25 ered in the overlapped portions of the color filters. The 
projection pattern 115 may be formed by using the pos- 
itive novolak resin. 

[0105] Then, the alignment film 1 16 is formed in the 
whole upper surface of the glass substrate 111. As a 
30 result, the CF substrate 1 10 is completed. In this exam- 
ple, the height of the spacer portion (a projection height 
from a surface of the color filter in the pixel region) 
becomes about 4.0 urn 

[0106] In the above example, the case where the 

35 color filters 1 1 3R, 1 1 3G, 1 1 3B are formed by using the 
pigment-distributed photosensitive resist is explained. 
However, the color filters 113R, 113G, 113B may be 
formed by using other material. For example, the color 
filters may be formed by coating the resin containing the 

40 dye or the pigment and then patterning the resin into a 
predetermined profile by etching. In addition, the color 
filters may be formed by using the printing, etc. 
[0107] Moreover, in the above example, the cell 
thickness adjusting layers 117 are formed by a coating 

45 of the novolak resin. However, the cell thickness adjust- 
ing layers 117 may be formed by other material such as 
acrylic resin, polyimide resin, epoxy resin, etc. 
[0108] Advantages achieved by the liquid crystal 
display device according to the fourth embodiment will 

so be explained hereunder. 

[01 09] In the photosensitive resist used for the color 
filters 113R, 113G, 113B, the acrylic resin is employed 
as to bind the coloring material (pigment). In the fourth 
embodiment, the photosensitive novolak resin is 

55 employed as material for the projection pattern 115. 
Because this material has good flatness, a thickness of 
the overlapped portion of the color filters can be thinner 
than that in the pixel region (flat portion). 
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[0110] Normally, in the event that this resin is 
coated by a spinner, a slit coater, etc., the leveling of the 
resin occurs in the second and third overlying layers 
until the resin is dried, so that the thickness of the sec- 
ond-layer color filter is reduced up to about 70 % of the 
first layer, and also the thickness of the third-layer color 
filter is reduced up to about 50 % of the first layer 
[0111] Since the ceil thickness is decided by the 
thickness of the overlapped portions of the color filters, 
if the cell thickness adjusting layers 117 are not pro- 
vided at all, the thickness of the color fitters in the over- 
lapped portions of the color filters must be increased. In 
order to increase the thicknesses of the second and 
third color filters, a method of reducing the leveling by 
accelerating drying by means of vacuum drying and the 
method of increasing the thickness of the coated resin 
film may be considered , for example. However, coating 
irregularity or drying unevenness occurs according to 
these methods, and thus yield of fabrication is lowered. 
[0112] FIG.23 is a graph showing the relationship 
between the thickness of the color filter and the height 
of a spacer portion, wherein an abscissa denotes the 
thickness of the color filter in the pixel region and an 
ordinate denotes the height of the spacer portion. In this 
case, a A mark indicates the height of the spacer por- 
tion when the thickness of each color filter is equal to 
the height of the projection pattern, and a □ mark indi- 
cates the height of the spacer portion when the height of 
the projection pattern is set to a constant 2 urn. As can 
be seen from FIG.23, in order to set the cell thickness to 
4 urn, both the thickness of each color filter in the pixel 
regions and the height of the projection pattern must be 
set to 3 jim. In this case, if the height of the projection 
pattern is less than 30 % of the cell thickness or more 
than 50 % of the cell thickness, a reduction in transmit- 
tance or reduction in contrast is caused. Therefore, it is 
preferable that the height of the projection pattern 
should be set to 1.2 to 2.0 u.m, and the thickness of the 
color filter must be set even thicker. 
[0113] Normally, if the thickness of the pigment- 
scattered resist as the material of the color filters 
exceeds 3 \im, fine patterning of such resist becomes 
difficult. Such a problem is caused that productivity is 
lowered since the drying speed is reduced after the 
resist has been coated. Therefore, it is not practical to 
set the thickness of the color filter to more than 3 urn. 
[0114] It may be considered that a material which 
cannot be applied evenly such as polyimide resin is 
employed as the material of the color filters. However, 
since the polyimide resin is photoinsensitive resin, an 
etching step is needed in patterning. Therefore, there is 
a drawback that fabrication cost is increased because of 
the increase in the number of steps. If the color filter is 
too thick, short-circuit failure can occur because the dis- 
tance between the opposing electrode in the spacer 
portions and the pixel electrodes on the TFT substrate 
side becomes extremely narrow. 
[0115] In the fourth embodiment, as described, 



since the cell thickness adjusting layers 117 are pro- 
vided between the overlapped portions of the color fil- 
ters 113R, 113G, 113B and the projection pattern 115 
allowing the cell thickness to be adjusted by the cell 

5 thickness adjusting layers 117, sufficient cell thickness 
can be held even if each thickness of the color filters 
113R, 113G, 113B is set to less than 3 fim. As a result, 
reduction in productivity and reduction in the yield of 
fabrication can be avoided. Also, since the color filters 

io are formed of the photosensitive resist, increase in the 
number of steps can be prevented rather than the case 
where the color filters are fabricated by a photoinsensi- 
tive resin such as polyimide resin. Further, since cell 
thickness can be relatively easily adjusted into an opti- 

75 mum value by the projection pattern 1 1 5, both reduction 
in transmittance and reduction in contrast can be pre- 
vented. Moreover, since a sufficient interval can be 
assured between the opposing electrode 1 1 4 and the 
pixel electrodes 102 on the TFT substrate 100 side by 

20 the cell thickness adjusting layers 117, short-circuit 
defects can be prevented even if the alignment films 
106, 1 16 are broken down at contact portions. 
[0116] The cell thickness adjusting layers 117 are 
formed and then the projection pattern 115 is formed in 

25 the fourth embodiment, but these steps may be 
reversed. In other words, as shown in FIG. 24, a projec- 
tion pattern 117 is formed on the opposing electrode 
114, and then cell thickness adjusting layers 118 are 
formed on the projection pattern 1 1 7 of the spacer por- 

30 tions. In this case, similar advantages to those in the 
above fourth embodiment can be achieved. 
[0117] Although the black matrix 112 is formed by 
superposing the color filters 1 1 3R, 1 1 3G, 1 1 3B as a tri- 
ple layer in the above fourth embodiment, such a black 

35 matrix may be formed by superposing any two layers of 
color filters. In addition, in the event that short-circuits 
between the opposing electrode 114 and the pixel elec- 
trodes are never generated at the spacer portions, the 
opposing electrode 114 may be formed after a cell thick- 

40 ness adjusting layer 118 has been formed. 

[01 1 8] According to the fourth embodiment, the cell 
thickness can be adjusted by the cell thickness adjust- 
ing layer 117 provided on the light shielding film (black 
matrix) 112. As a result, the cell thickness can be 

45 adjusted to an optimum value without increasing the 
thickness of the color filters 113R, 113G, 113B. 
[0119] FIG. 24 shows such a structure comprising 
first electrodes on the first substrate, the light shielding 
film 112 formed by overlapping at least two color filters 

so of these color filters 1 13R, 1 13G, 1 13B to be arranged 
in regions which correspond to regions between the plu- 
rality of first electrodes, a second electrode 1 14 for cov- 
ering the color filters 113R, 113G, 113B and the light 
shielding film 112, a projection pattern 117 formed of 

55 insulating material on the second electrode, a cell thick- 
ness adjusting layer 118 formed on the projection pat- 
tern 117 over the light shielding film 112, and a second 
vertical alignment film 1 16 for covering at least the sec- 
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ond electrode. 
(Fifth Embodiment) 

[0120] FIG.25 is a sectional view showing a liquid 5 
crystal display device according to a fifth embodiment of 
the present invention. Since a structure of the TFT sub- 
strate side is similar to the fourth embodiment, the same 
symbols are affixed to the same constituent elements in 
FIG.25 as those in FIG. 19 and their detailed description w 
will be omitted hereunder. 

[0121] A black matrix 122 formed of black resin is 
formed on one surface (lower surface in FIG.25) of a 
glass substrate 121 of a CF substrate 120 side to form 
a predetermined pattern. The thickness of the black 15 
matrix 122 formed of black resin is 3.5 urn, for example. 
Also, the black matrix 122 is formed by a coating of pho- 
tosensitive resist into which black pigment is scattered, 
and then patterned by exposure and development proc- 
esses. 20 
[0122] Color filters 123R, 123G, 123B of red (R), 
green (G), and blue (B) are formed in pixel regions on a 
lower surface of the glass substrate 121 respectively. 
These color filters 123R, 123G, 123B are formed as 
three layers on a lower surface of the black matrix 122. 25 
[0123] Also, an opposing electrode 124 made of 
ITO is formed on a lower surface side of the glass sub- 
strate 121 to cover the color filters 123R, 123G, 123B. 
Then, a projection pattern 125 is formed under the 
opposing electrode 124. Like the fourth embodiment, 30 
this projection pattern 125 is arranged between slits 
102a of pixel electrodes 102 provided on a TFT sub- 
strate 110 side (see FIG.20). 

[01 24] A vertical alignment film 1 26 is formed on an 
under surface of the opposing electrode 124, and the 35 
surface of the projection pattern is covered with the ver- 
tical alignment film 126. 

[0125] In the fifth embodiment, since the cell thick- 
ness is adjusted by the resin black matrix 122 , optimum 
cell thickness can be achieved without the increase in 40 
thickness of the color filters or the increase in height of 
the projection pattern, like the fourth embodiment. 
Accordingly, an advantage similar to that of the fourth 
embodiment can be achieved by the fifth embodiment. 
[0126] Although when the color filters 123R, 123G, 45 
123B are overlapped to form three layers on the lower 
surface of the black matrix 122 as explained in the fifth 
embodiment, one layer or two layer color filters may be 
formed under the black matrix 122. If there is no possi- 
bility that the opposing electrode 1 24 and the pixel elec- so 
trades 102 are short-circuited, the opposing electrode 
124 may be formed after the projection pattern 125 has 
been formed. 

[0127] In addition, the color filters may not be over- 
lapped on the resin black matrix 122 in portions other 55 
than the spacer portions, or the color filters may be 
overlapped as in the spacer portions. However, it is pref- 
erable that, if projections are formed whose height 



26 

exceeds 1/3 of the cell thickness in portions other than 
the spacer portions, the projections should be covered 
with an insulating layer (insulating layer formed of the 
same material as the projection pattern 125) formed 
simultaneously with the projection pattern 125. As a 
result, the generation of short-circuit between the pixel 
electrodes 102 on the TFT substrate 100 side and the 
opposing electrode 124 on the CF substrate 120 side 
can be prevented more precisely. 
[0128] According to the fifth embodiment, since the 
cell thickness can be adjusted by the light shielding film 
(black matrix) 122 formed of light non-transmitting 
material such as black resin, the cell thickness can be 
adjusted into the optimum value without the increase of 
the thickness of the color filters 123R, 123G, 123B. 
[0129] In this case, as shown in FIG.26, the light 
shielding film may consist of the film (light shielding film) 
132 formed of metal or metal compound and the resist 
137 formed on the film 132. 

[0130] According to the present invention, the resist 
137 used in patterning the light shielding film 132 is left 
to bring top end portions of the projection pattern 135 
formed on the resist 137 into contact with the first sub- 
strate 100. Therefore, the cell thickness can be kept 
constant. As a result, there is such an advantage that 
the manufacturing steps can be simplified. 

(Sixth Embodiment) 

[0131] FIG.26 is a sectional view showing a liquid 
crystal display device according to a sixth embodiment 
of the present invention. In this sixth embodiment, since 
the structure of the TFT substrate side is similar to that 
in the fourth embodiment, the same symbols are used 
for the same constituent elements in FIG.26 as those in 
FIG. 19 and their detailed explanation will be omitted 
hereunder. 

[0132] A black matrix 132 formed of low reflection 
Cr (chromium) is formed on a lower surface side of a 
glass substrate 131 on a CF substrate 130 side. Then, 
resist 137 which has the same pattern as the black 
matrix 132 is formed under the black matrix 132. 
[0133] Color filters 133R, 133G, 133B of red (R), 
green (G), and blue (B) are formed in pixel regions on 
the lower surface of the glass substrate 131. These 
color filters 133R, 133G, 133B are stacked as three lay- 
ers under the black matrix 132. 
[01 34] The opposing electrode 1 34 formed of ITO is 
formed on the lower surface side of the glass substrate 
131 to cover the color filters 133R, 133G, 133B. Further, 
the projection pattern 135 is formed under the opposing 
electrode 134. Like the fourth embodiment, this projec- 
tion pattern is arranged between slits 102a of pixel elec- 
trodes 102 provided on the TFT substrate 110 side (see 
FIG.20). 

[0135] Further, a vertical alignment film 136 is 
formed under the opposing electrode 134, and the sur- 
face of a projection pattern 135 is covered with the ver- 
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tical alignment film 136. 
[0136] FIGS.27A to 27F are sectional views show- 
ing a method of manufacturing the CF substrate 1 30 of 
the liquid crystal display device according to the sixth 
embodiment. 5 
[0137] First, as shown in FIG.27A, the low reflection 
Cr film is formed on the glass substrate 131 to have a 
thickness of about 0.16 ujti, and then the photosensitive 
resist 137 formed of positive novolak resin is formed 
thereon to have a thickness of about 4.0 um. Then, a 10 
predetermined black matrix pattern is formed by expos- 
ing and developing the resist 137. Then, the Cr film is 
left only under the resist 137 by removing the Cr film 
being not covered with the resist 137 via etching. Thus, 
the Cr film being left under the resist 137 acts as the is 
black matrix 132. 

[01 38] Then, as shown in FIG.27B, the blue color fil- 
ter 133B of a 1.5 urn thickness is formed on the glass 
substrate 131. A photosensitive resist into which blue 
pigment is scattered is employed as material for the 20 
blue color filter 133B. The blue color filter 133B can be 
formed by coating the photosensitive resist on the glass 
substrate 131, and then applying exposure and devel- 
opment processes. 

[0139] Then, as shown in FIG.27C, photosensitive 25 
resist into which red pigment is scattered is employed, 
and the red color filter 133R of a 1.5 jim thickness is 
formed on the glass substrate 131. 
[0140] Then, as shown in FIG.27D, photosensitive 
resist into which green pigment is scattered is 30 
employed, and the green color filter 133G of a 1.5 um 
thickness is formed on the glass substrate 131. The 
height of the overlapped portions (a projection height 
from the filter surface of the pixel portions) of the low 
reflection Cr black matrix 132, the resist 137 on the 35 
black matrix 132, and the color filters 133R, 133G, 133B 
accomplished by these steps is about 3.8 um. 
[0141] Then, as shown in FIG.27E, the opposing 
electrode 1 34 formed of ITO is formed on the entire sur- 
face to have a thickness of 1 50 nm. 40 
[0142] Then, as shown in FIG.27F, the projection 
pattern 135 is formed on the opposing electrode 134 in 
a zig-zag fashion (see FIG. 20). The height of the projec- 
tion pattern 1 35 is set to about 1 .5 um. The height of the 
projection pattern 135 becomes lower than 1.5 um on 45 
the overlapped portion of the color filters. Positive 
novolak resin may be employed as material of the pro- 
jection pattern 135. 

[0143] Then, the alignment film 136 is formed on 
the overall upper surface of the glass substrate 1 31 . As so 
a result, the CF substrate is completed. In this example, 
the height of the spacer portion (projection height from 
the fitter surface in the pixel region) becomes about 4.0 
um. 

[0144] In the sixth embodiment, in addition to a sim- 55 
ilar advantage achieved by the fourth embodiment, 
there is such an advantages that, since the resist which 
is used upon forming the black matrix formed of the low 
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reflection Cr is left as it is as the cell thickness adjusting 
spacers, an increase in the number of steps can be pre- 
vented. 

[0145] Although the RGB color filters are over- 
lapped on the resist 1 37 as the three layers in the sixth 
embodiment, a one layer or two layer structure may be 
employed. Also, in the sixth embodiment, the thickness 
of the color filter on the resist 137 becomes thin since 
the color filters are superposed on the resist 137. 
Therefore, it is preferable that, in order to keep the pre- 
determined cell thickness, the total thickness of the 
black matrix 132 and the resist 137 should be made 
larger than the thickness of the color filters 133R, 133G, 
133B in the pixel regions. 

(Seventh Embodiment) 

[0146] FIG.28 is a sectional view showing a liquid 
crystal display device according to a seventh embodi- 
ment of the present invention. FIG.29A is a sectional 
view showing a sectional shape taken along a line B-B 
in FIG.28. FIG.29B is a sectional view showing a sec- 
tional shape taken along a line C-C in FIG.28. Since the 
structure of the TFT substrate side of the liquid crystal 
display device according to this seventh embodiment is 
similar to that in the fourth embodiment, the same sym- 
bols are used for the same constituent elements in FIG. 
29 as those in FIG. 19 and their detailed explanation will 
be omitted hereunder. In FIG. 29, a TFT substrate is 
depicted on the upper side and a CF substrate is 
depicted on the lower side. 

[0147] The liquid crystal display device according to 
the seventh embodiment has a structure in which the 
liquid crystal 49 having a negative dielectric anisotropy 
is sealed between the TFT substrate 100 and the CF 
substrate 140. Polarizing plates (not shown) are 
arranged on the upper side of the TFT substrate 100 
and the lower side of the CF substrate 140 respectively. 
These polarizing plates are arranged such that their 
polarization axes intersect with each other. 
[0148] The CF substrate 140 consists of a glass 
substrate 141, color filters 143R(red), 143G(green), 
143B(blue) formed on an upper side of the glass sub- 
strate 141, an opposing electrode 144, a vertical align- 
ment film 146, etc. More particularly, as shown in 
FIG.29, the color filters 143R, 143G, 143B are formed 
on the glass substrate 141 . Any one color filter of these 
color filters 143R, 143G, 143B is arranged in each pixel 
region. Also, the blue color filter 143B and one of the red 
and green color filters 143R, 143G are overlapped in 
regions between pixels as two layers to form the black 
matrix 142. Further, the color filters 143R, 143G, 143B 
are overlapped as three layers in spacer portions 148 
which are located in the vicinity of the intersecting point 
of drain bus lines 33a and gate bus lines 33b. 
[0149] The opposing electrode 144 made of ITO is 
formed on these color filters 143R, 143G, 143B. As 
shown in FIG. 20, a projection pattern 145 formed of 
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insulating resin is formed on the opposing electrode 144 
in a zig-zag fashion. The vertical alignment film 146 is 
formed to cover surfaces of the opposing electrode 144 
and the projection patterns 145. 

[01 50] The CF substrate 140 constructed as above 5 
comes into contact with the TFT substrate 100 by top 
end portions of the projection pattern 145 on the spacer 
portions 148 to keep the cell thickness between the TFT 
substrate 100 and the CF substrate 140 constant. The 
size of the spacer portion 148 is 30 ^mx30 \im. 
[0151] FIGS.30A to 30C are plan views showing a 
method of manufacturing the CF substrate of the liquid 
crystal display device according to the seventh embodi- 
ment in order of the manufacturing steps. FIGS.31 A to 
31 C are sectional views showing the method of manu- 
facturing the CF substrate of the liquid crystal display 
device according to the seventh embodiment. FIGS.31 A 
to 31 C show a sectional shape taken along a line C-C in 
FIG. 28 respectively. 

[0152] First, as shown in FIG.30A and FIG.31 A, the 
blue color filter 143B of about 1.5 urn thickness is 
formed in a blue pixel forming region and a black matrix 
region on the glass substrate 141 by using blue pig- 
ment-distributed photosensitive resist. 
[0153] Then, as shown in FIG.30B and FIG.31 B, 
the red color filter 143R of about 1.5 urn thickness is 
formed in a red pixel forming region on the glass sub- 
strate 141 by using red pigment-distributed photosensi- 
tive resist. At this time, the red color filter 143R is formed 
overlapping the black matrix forming region around the 
red pixel, the spacer portion forming region, and the 
blue color filter 143B in the black matrix forming region 
around the blue pixel. In this case, the red color filter 
143R is formed only in a half region of the black matrix 
forming region between the red pixel and the green pixel 
on the red pixel side. The red color filter 143R is not 
formed in the black matrix forming region between the 
green pixel and the blue pixel. 

[0154] Then, as shown in FIG.30 and FIG.31 C, the 
green color filter 143G of about 1.5 urn thickness is 
formed in a green pixel forming region on the glass sub- 
strate 141 by using green pigment-distributed photo- 
sensitive resist. At this time, the green color filter 143G 
is formed overlapping the black matrix forming region 
around the green pixel and the blue color filters 143B 
and the red color filters 143R in the spacer portion form- 
ing region. In this case, the green color filter 143G is 
formed only in half of the black matrix forming region 
between the green pixel and the red pixel on the green 
pixel side. 

[0155] Then, as shown in FIG.28 and FIG.29, the 
pixel electrode 144 formed of ITO is formed on the color 
filters 143R, 143G, 143B to have a thickness of about 
1000 A. Then, the projection pattern 145 of about 10 Mm 
width and about 1.5 urn height is formed by forming the 
positive photoresist on the pixel electrodes 144 and 
then exposing and developing it. Then, the vertical 
alignment film 146 is formed on the overall upper sur- 



face of the glass substrate 141 to have a thickness of 
about 80 nm. Thus, the CF substrate 140 is completed. 
If the CF substrate 140 is formed in this manner, the 
height of the spacer portion 148 is about 3.8 urn. 
[0156] An advantage of the liquid crystal display 
device according to the seventh embodiment will be 
explained hereunder. 

[0157] If the black matrix is formed as a three-lay- 
ered structure of the RGB color filters, an inclination 
angle of a side wall portion of the black matrix becomes 
large. Hence, an angle of the liquid crystal molecules 
becomes substantially horizontal relative to the sub- 
strate in the neighborhood of the side wall portion of the 
black matrix. Such alignment abnormality causes light 
leakage when no voltage is applied, and causes a 
reduction in the transmittance to bring about a consider- 
able reduction of contrast when a voltage is applied. 
[0158] FIG.32 is a graph showing the relationship 
between level difference in the pixel region edge portion 
and contrast, wherein an abscissa denotes the level dif- 
ference between the pixel region and the black matrix 
and an ordinate denotes the contrast. As can be seen 
from FIG.32, if the level difference exceeds 1.5 urn, the 
contrast become less than 200. 
[0159] Therefore, in the seventh embodiment, the 
black matrix 142 is formed of two layers consisting of 
the blue color filter 143B and one of the red color filter 
143R and the green color filter 143G. Accordingly, the 
level difference between the pixel region and the black 
matrix can be reduced to about 2/3 of the three-layered 
structure. As a result, the region in which the liquid crys- 
tal molecules are aligned in parallel with the substrate 
can be reduced about 2/3 in the cell gap direction and 
thus light leakage can be reduced. 
[01 60] In addition, the alignment of the liquid crystal 
molecules become substantially parallel to the surface 
of the substrate if the inclination angle of the level differ- 
ence between the pixel region and the black matrix is 
large, the alignment of the liquid crystal molecules 
become substantially perpendicular to the surface of the 
substrate if the inclination angle of the level difference is 
small. FIG.33 is a graph showing a relationship between 
the inclination angle of the level difference portion and 
the contrast, wherein an abscissa denotes the inclina- 
tion angle of the level difference portion and an ordinate 
denotes the contrast. As shown in FIG.33, if the inclina- 
tion angle is less than 30 degree, the contrast exceeds 
250. As a result, the sufficient contrast can be achieved. 
[0161] Meanwhile, if it is considered how respective 
color filters can contribute to brightness, degrees of 
contribution of RGB to the brightness are R:G:B=3:3:1. 
Therefore, the light leakage in the blue pixel portion has 
a small influence upon the reduction in the contrast, but 
the light leakage in the red or green pixel portion has a 
large influence upon the reduction in the contrast. 
[0162] In the seventh embodiment, an uppermost 
layer of the black matrix around the red pixel is com- 
posed of the red color filter, and an uppermost layer of 
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the black matrix around the green pixel is composed of 
the green color filter. Therefore, inclination is gradual 
between the red pixel and the black matrix around the 
red pixel and between the green pixel and the black 
matrix around the green pixel, and thus the reduction in 
the contrast due to alignment abnormality can be 
reduced. In this case, the inclination angle is increased 
around the blue pixel, nevertheless there is no problem 
of the light leakage in the blue pixel due to the increase 
of the inclination angle since, as described, the degree 
of the contribution of the blue pixel to the brightness is 
small. 

[0163] When the contrast is checked after the liquid 
crystal display device is manufactured actually accord- 
ing to the above method, such contrast exceeds 400. 
(0164] Methods of changing the inclination angle of 
the level difference between the pixel region and the 
black matrix, include the method of changing the expo- 
sure condition and the development condition applied 
when the color filters are formed and the method of 
changing the resin constituting color filter material. The 
inclination angle of the level difference between the 
pixel region and the black matrix can be set to less than 
30 degrees by using these methods. 
[0165] According to the seventh embodiment, the 
light shielding film 142 is constructed by two-layered 
color filter consisting of the blue color filter 143B and the 
red color filter 143R around the red pixel, and the light 
shielding film 142 is constructed by a two-layered color 
filter consisting of the blue color filter 143B and the 
green color filter 143G around the green pixel. As a 
result, an inclination angle of the level difference on the 
red pixel side and an inclination angle of the level differ- 
ence on the green pixel side can be made smalt, and 
thus the light leakage due to the alignment abnormality 
of the liquid crystal molecules can be reduced. 
[0166] Since the light shielding film is formed by 
overlapping the color filters as two layers and the pro- 
jection pattern is formed thereon so as to keep the cell 
thickness constant by its top end portions, the liquid 
crystal display device can be relatively easily manufac- 
tured. 

[0167] When light shielding film is formed by over- 
tapping the red color filter and the blue color filter, some- 
times light leakage occurs on the outside portion of the 
display regions. In order to prevent this light leakage, as 
shown in FIG.21, it is preferable that a redundant light 
shielding film 152 for cutting off a blue color should be 
formed on the outside portions of display regions. 
Therefore, light leakage of blue light on the outside por- 
tions of display regions can be prevented without fail 
and thus the display quality can be improved. The 
present invention can be applied not only to a VA (verti- 
cally aligned) mode liquid crystal display device but also 
to a liquid crystal display device using a horizontal align- 
ment film. 



(Eighth Embodiment) 

[0168] FIG.21 is a sectional view showing a liquid 
crystal display device according to an eighth embodi- 
ment of the present invention. In the eighth embodi- 
ment, a redundant light shielding film is arranged on the 
outside of a display region of the liquid crystal display 
device. As configurations of other portions of the eighth 
embodiment, for example, the configurations shown in 
the above first to seventh embodiments can be used. 
[0169] In the eighth embodiment, a redundant light 
shielding film 152 is formed on a glass substrate 151 on 
the outside of the display region of a TFT substrate 150. 
The redundant light shielding film 152 is formed of a 
multi-layered metal film consisting of an Al (aluminum) 
film and a Ti (titanium) film, for example, or a metal film 
such as a Cr (chromium) film, or a metal oxide film. An 
edge portion of a vertical alignment film 156 on the TFT 
substrate 150 side is overlapped with an end portion of 
the redundant light shielding film 152 on the display 
region side. In the eighth embodiment, the width of the 
redundant light shielding film 1 52 is set to 2.0 mm. How- 
ever, the width of the redundant light shielding film 152 
must be decided according to the alignment accuracy in 
forming the pattern not to generate a clearance 
between the vertical alignment film 156 and the redun- 
dant light shielding film 1 52. 

[0170] A plurality of pixel electrodes (not shown), 
TFTs (not shown) arranged at every pixel electrode, the 
bus lines (not shown) connected to the TFTs, and the 
vertical alignment film 156 for covering the pixel elec- 
trodes are formed in the display region of the TFT sub- 
strate 150. 

[0171] Like the first to seventh embodiments, color 
filters (not shown) arranged in a pixel region, a black 
matrix 162, an opposing electrode (not shown) for cov- 
ering the color filters and the black matrix 162 posi- 
tioned in the display region, and a vertical alignment film 
166 are formed on a CF substrate 160. In the eighth 
embodiment, assume that the black matrix 162 is com- 
posed of two layers consisting of a blue color filter and a 
red color filter. Also, assume that an edge portion of the 
black matrix 162 (on the outside of the display region) is 
not covered with the vertical alignment film 166. The 
redundant light shielding film 152 on the TFT substrate 
150 side is arranged opposite to the black matrix 162 on 
the outside of the display region. 
[0172] Bus lines (gate bus tines or drain bus lines) 
on the TFT substrate 1 50 side are extended from the 
display region to end portions of the substrate 151 to be 
connected to external circuits. Therefore, in order not to 
electrically connect the bus lines via the redundant light 
shielding film 152, the redundant light shielding film 152 
must be formed between the bus lines or formed on a 
different layer from a bus line layer. It is preferable that, 
if the redundant light shielding film 152 is formed as 
another layer from the bus line layer, the redundant light 
shielding film 152 should not be formed immediately on 
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or under the bus line 153, as shown in FIG. 34, to pre- 
vent the capacitive coupling between the bus lines. 
[0173] An advantage of the eighth embodiment will 
be explained hereunder. 

[0174] In the event that the black matrix is formed 
by overlapping the color filters, the thickness of the 
black matrix is increased by overlapping the color filters 
as three layers, and as a result disconnection of the 
opposing electrode on the level difference portion (so- 
called disconnection due to the level difference) easily 
occurs. Therefore, it is preferable that, if the black matrix 
is formed by overlapping the color filters, the layer 
number of the color fitters should be two. Table 1 shows 
transmittance where two or three color filter layers are 
overlapped. Here, an OD value is a log value of the 
transmittance. 



Table 1 



Color Filter 


OD value 


R + G 


1.3 


G + B 


1.1 


B + R 


2.1 


R + G + B 


2.5 



[0175] As shown in Table 1, if the black matrix is 
formed by overlapping two color filters, a combination of 
the blue color filter and the red color fitter is most effec- 
tive for cutting off light. 

[0176] However, when the liquid crystal display 
device in which the black matrix is composed of the blue 
color filter and the red color filter is manufactured, the 
tight leakage of blue light occurs on the outside portion 
of the display region. This is due to the following rea- 
sons. 

[0177] FIG.35 is a sectional view showing the liquid 
crystal display device without the redundant light shield- 
ing film. In FIG.35, same symbols are affixed to the 
same constituent elements as those in FIG.21 and their 
detailed explanation will be omitted. Assume that, in this 
liquid crystal display device, the black matrix is formed 
by superposing the red color filter on the blue color filter. 
[0178] As shown in FIG. 27, normally the edge por- 
tion of the black matrix 162 on the outside of the display 
region on the CF substrate 160 side is not covered with 
the alignment film 166. Since the liquid crystal mole- 
cules are aligned at random in this portion, the transmit- 
tance can be enhanced when no voltage is applied. 
[0179] FIG.36 is a graph showing wavelength spec- 
tral characteristics of blue, green, and red color filters. 
As shown in FIG.36, since the transmittance of the red 
color filter for the light having a blue wavelength region 
is relatively large, the light in the short wavelength 
region cannot be sufficiently cut off even if the blue color 
filter and the red color filter are overlapped with each 



other. For this reason, the light on the short wavelength 
side (blue light) is transmitted from the black matrix 
which is constructed by overlapping the blue color filter 
and the red color filter, and blue light leakage occurs. 

5 [0180] However, in the eighth embodiment, since 
the redundant light shielding film 152 is arranged on the 
outside of the display region, the blue light leakage on 
the outside of the display region can be cut off com- 
pletely. Also, in the eighth embodiment, since the black 

w matrix 1 62 on the CF substrate 1 60 side is composed of 
the blue color filter and the red color filter, the reflect- 
ance is low rather than the redundant light shielding film 
152 which is formed of metal on the TFT substrate 150 
side, so that such black matrix 162 has an effect as an 

15 external light reflection preventing film. As a result, such 
an advantage can be achieved that display quality can 
be improved. 

(Ninth Embodiment) 

20 

[0181] FIG.37 is a sectional view showing a liquid 
crystal display device according to a ninth embodiment 
of the present invention. The same symbols are affixed 
to the same constituent elements in FIG.37 as those in 
25 FIG.21 and their detailed explanation will be omitted 
hereunder. 

[0182] In the ninth embodiment, a color filter 162 
formed on a CF substrate 160 is formed by laminating a 
blue color filter and red color filter. Also, a redundant 

30 light shielding film 163 formed of a UV (Ultraviolet) coat 
film is formed on an upper surface of the CF substrate 
160 (surface on the opposite side to a surface opposite 
a TFT substrate 150) on the outside of the display 
region. The UV coat film is formed by laminating a Ti02 

35 film and an Si0 2 film into a multi-layer by a evaporation 
method, for example, and its cut-off wavelength is less 
than 500 nm. 

[0183] In the ninth embodiment, even if a black 
matrix consisting of a blue color filter and a red color Til— 
40 ter transmits blue light on an outside portion of a display 
region, such blue light can be cut off by the redundant 
light shielding film 163. Therefore, blue light leakage 
can be prevented without fail. 

[0184] In the ninth embodiment, the redundant light 
45 shielding film 163 formed of the UV coat film is formed 
on the CF substrate 160 side. However, the redundant 
light shielding film may be formed on the TFT substrate 
1 50 side, or may be formed on both the CF substrate 
160 and the TFT substrate 150. 

50 

(Tenth Embodiment) 

[0185] FIG. 38 is a sectional view showing a liquid 
crystal display device according to a tenth embodiment 
55 of the present invention. The same symbols are affixed 
to the same constituent elements in FIG.38 as those in 
FIG.21 and their detailed explanation will be omitted 
hereunder. 
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[0186] A pair of polarizing plates 158, 168 are 
arranged to put a liquid crystal panel, which is formed by 
coupling a CF substrate 160 and a TFT substrate 150 
together, between them. These polarizing plates 158, 
168 are arranged such that their polarization axes inter- 
sect orthogonally with each other. In the tenth embodi- 
ment, a UV coat film is formed as a redundant light 
shielding film 169 on at least one polarizing plate of the 
polarizing plates 158, 168. In this case, the redundant 
light shielding film 169 is formed on regions correspond- 
ing to portions which are located on the outside portion 
of display regions and in which a black matrix 162 is not 
covered with a vertical alignment film 1 66. 
[0187] According to the tenth embodiment, in addi- 
tion to the similar advantage of the eighth embodiment, 
there can be achieved such an advantage that, since 
the redundant light shielding film 169 (UV coat film) is 
not directly formed on the liquid crystal panel, such a 
UV coat film can be formed easily. 

(Eleventh Embodiment) 

[0188] FIG. 39 is a sectional view showing a CF 
substrate of a liquid crystal display device according to 
an eleventh embodiment of the present invention. In the 
eleventh embodiment, configurations shown in the first 
to seventh embodiments may be applied as a configura- 
tion of a TFT substrate. In FIG. 39, a reference 177 
denotes a display region, a reference 178 denotes an 
outside portion of a display region, and a reference 179 
denotes a transfer connecting portion. Also, FIG.40A is 
a sectional view showing a CF substrate in the display 
area 177 of the liquid crystal display device according to 
the eleventh embodiment. FIG.40B is a sectional view 
showing the CF substrate on the outside of the display 
area. 

[0189] In the eleventh embodiment, a black matrix 
in the display area 177 on the CF substrate 170 side is 
formed by a blue color filter and a red color filter as a 
double-layered structure. Also, a redundant light shield- 
ing film 175 is constructed as a triple-layered structure 
of red, green, and blue color filters on an area being 
located outside the display region. 
[0190] Normally, in the liquid crystal display device, 
an opposing electrode on the CF substrate side and a 
voltage applying portion on the TFT substrate side are 
electrically connected via a conductor being called a 
transfer on the outside portion of the display region. The 
transfer is arranged in the transfer connecting portion 
179. 

[0191] If the whole area of the redundant light 
shielding film on the outside portion of the display 
region is formed as the triple-layered structure of three 
color filters, level difference between the display region 
177 and the outside portion 178 is increased. As a 
result, an opposing electrode (ITO film) cannot be 
formed continuously, and a possibility of disconnection 
due to the level difference (disconnection) is generated. 



Therefore, in the eleventh embodiment, as shown in 
FIG.40B, the generation of connection faults is pre- 
vented by laminating the color filters in the transfer con- 
necting portion 179 as the double-layered structure. 

5 [0192] As above, in the eleventh embodiment, since 
the redundant light shielding film 175 is constructed as 
a triple-layered structure of the red, green, and blue 
color filters on the outside area of the display region, 
blue light leakage from the outside portion of the display 

w region can be avoided without fail. In addition, since the 
color filters which are located on the outside portion of 
the display region and in the portion being connected 
electrically to the electrodes on the TFT substrate side 
via the transfer (transfer connecting portion 179) are 

15 laminated as the double-layered structure, disconnec- 
tion due to level difference is prevented in forming the 
ITO film and thus reduction in yield of the fabrication can 
be prevented. 

[0193] As described above, according to the liquid 

20 crystal display device of the present invention, since the 
cell thickness can be kept constant by bringing top end 
portions of the projection pattern on the second sub- 
strate into contact with the first substrate, spherical or 
cylindrical spacers which are needed in the prior art can 

25 be omitted. Therefore, even if affected by impact or 
vibration the cell thickness is never varied and thus deg- 
radation of the display quality can be prevented. Also, 
since the interval between the first substrate and the 
second substrate can be kept constant by the insulating 

30 projection pattern formed on the electrodes, short-cir- 
cuits between electrodes on the first substrate side and 
the electrode on the second substrate side can be 
avoided without fail. In addition, according to the 
present invention, the alignment direction of the liquid 

35 crystal becomes different on both sides of the projection 
pattern and thus an alignment partition can be 
achieved. Therefore, such an advantage can be 
achieved that visual characteristics can be improved. 
[0194] Also, according to the method of manufac- 

40 turing the liquid crystal display device of the present 
invention, the opposing electrode, the first projection 
pattern, and the first vertical alignment film are formed 
on the first substrate, then the pixel electrodes, the sec- 
ond projection pattern, and the second vertical align- 

45 ment film are formed on the second substrate, then the 
first substrate and the second substrate are arranged 
such that surfaces on which the first vertical alignment 
film and the second vertical alignment film are formed 
are opposed to each other and top end portions of the 

50 first projection pattern are brought into contact with the 
second vertical alignment film on the second substrate, 
and then the liquid crystal having a negative dielectric 
anisotropy is sealed between them. Therefore, a step of 
scattering the spacers and a step of rubbing the align- 

55 ment films, etc., which are needed in the prior art, can 
be omitted and thus the manufacturing steps can be 
simplified. 

[0195] Also, according to a liquid crystal display 
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device embodying the invention, since the cell thickness 2. 
adjusting layer is provided, the cell thickness can be 
adjusted properly not to increase the thickness of the 
color filters excessively. 

[0196] Also, according to a liquid crystal display 5 
device embodying the invention, since the light shield- 
ing film is formed of black resin and also one or plural 
color filters are superposed on the light shielding film, 
the cell thickness can be adjusted so as not to increase 
the thickness of the color filters excessively. 10 
[0197] Also, according to a liquid crystal display 
device embodying the invention, since the cell thickness 
can be adjusted by leaving as it is the resist which is 
used in forming the light shielding film, the cell thickness 
can be adjusted so as not to increase the thickness of 15 
the color filters excessively, and also manufacturing can 
be simplified. 

[0198] Also, according to the liquid crystal display 
device embodying the invention, the light shielding film 
is composed of the blue color filter and the red color fil- 20 
ter around the red pixel, and the light shielding film is 
composed of the blue color filter and the green color fil- 
ter around the green pixel. Therefore, since the inclina- 
tion angle between the red pixel and the light shielding 
film and the inclination angle between the green pixel 25 
and the light shielding film is gradual, light leakage due 
to the alignment abnormality can be reduced. 
[0199] Also, according to a liquid crystal display 
device embodying the invention, since the redundant 
light shielding film for cutting off the blue light is provided 30 3. 
on the outside portion of the display region, the light 
leakage of the blue light which is generated on the out- 
side portion of the display region can be prevented with- 
out fail if the light shielding film is formed by 
superposing the red color filter and the blue color filter. 35 4. 

Claims 

1 . A liquid crystal display device comprising: 

40 5. 

a first substrate (30) having a first electrode 
(32) formed on one surface side and a first ver- 
tical alignment film (36) to cover the first elec- 
trode (32); 

a second substrate (40) having a second elec- 45 
trode (44) formed on a surface side opposite 
one surface of the first substrate (30), a first 
projection pattern (45) formed of insulating 
material on the second electrode (44), and a 
second vertical alignment film (46) for covering so 
the second electrode (44) and the first projec- 
tion pattern (45), whereby top end portions of 
the first projection pattern (45) come into con- 
tact with the first substrate (30); and 
a liquid crystal (49) sealed between the first 55 6. 
substrate (30) and the second substrate (40) 
and having a negative dielectric anisotropy. 



A liquid crystal display device comprising: 

a first substrate (30) having a plurality of first 
electrodes (32) formed on one surface side and 
a first vertical alignment film (36) for covering 
the plurality of first electrodes (32); 
a second substrate (50) having a light shielding 
film (52) formed on a surface side opposite one 
surface of the first substrate (30) to be 
arranged in regions which correspond to 
regions between the plurality of first electrodes 
(32) on the first substrate (30), a plurality of 
color filters (53) arranged opposite respective 
first electrodes (32) on the first substrate (30), a 
second electrode (54) formed over the light 
shielding film (52) and the plurality of color fil- 
ters (53), a first projection pattern (55) formed 
of insulating material on the second electrode 
(54), and a second vertical alignment film (56) 
for covering the second electrode (54) and at 
least the first projection pattern (55) on the sec- 
ond electrode (54), whereby top end portions 
of the first projection pattern (55) formed over 
the light shielding film (52) come into contact 
with the first substrate (30); and 
a liquid crystal (49) sealed between the first 
substrate (30) and the second substrate (50) 
and having a negative dielectric anisotropy. 

A liquid crystal display device according to claim 2, 
wherein the light shielding film (52) is formed by 
overlapping at least two color filters of red, green, 
and blue color filters (53R.53G.53B). 

A liquid crystal display device according to claims 2 
or 3, wherein the first projection pattern (55) comes 
into contact with the second substrate (50) at por- 
tions located over the light shielding film (52). 

A color filter substrate comprising: 

a plate (51); 

a light shielding film (52) formed on predeter- 
mined regions of the plate (51 ); 
a plurality of color filters (53R.53G.53B) formed 
between the regions of light shielding films 
(52); 

an electrode (54) formed over the light shield- 
ing film (52) and the color filter (53R.53G.53B); 
a projection pattern (55) formed of insulating 
material over the electrode (54); and 
a vertical alignment film (56) for covering the 
projection pattern (55). 

A method of manufacturing a liquid crystal display 
device, comprising the steps of: 

forming a light shielding film (52) which cuts off 
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a light between respective pixel regions on a 
first substrate (51); 

forming color filters (53R,53G,53B) on the pixel 

regions on the first substrate (51 ); 

forming a first (opposing) electrode (54) on the 5 

color filters (53R,53G,53B); 

forming a first projection pattern (55) formed of 

insulating material on the opposing electrode 

(54) ; 

forming a first vertical alignment film (56) which 10 
covers the opposing electrode (54) and the first 
projection pattern (55) on an upper side of the 
first substrate (51); 

forming a plurality of second electrodes (32) on 
an upper side of a second substrate (31 ); 15 
forming a second vertical alignment film (36) 
which covers the pixel electrodes (32) on the 
upper side of the second substrate (31); and 
arranging the first substrate (51 ) and the sec- 
ond substrate (31 ) such that their surfaces on 20 
which the first vertical alignment film (56) and 
the second vertical alignment film (36) are 
formed respectively opposite each other and 
top end portions of the first projection pattern 

(55) come into contact with the second vertical 25 
alignment film (36) on the second substrate 
(31). 

7. A method of manufacturing a liquid crystal display 
device, comprising the steps of: 30 

forming selectively any one of red, green, and 
blue color filters (53R,53G,53B) in respective 
pixel regions on a first substrate (51), and then 
forming a light shielding film (52) by overlap- 35 
ping at least two color filters of the red, green, 
and blue color filters (53R,53G,53B) in regions 
between the pixel regions; 
forming a first (opposing) electrode (54) on the 
color filters (53R.53G.53B); 40 
forming a first projection pattern (55) formed of 
insulating material on the opposing electrode 
(54); 

forming a first vertical alignment film (56) which 
covers the opposing electrode (54) and the first 45 
projection pattern (55) on an upper side of the 
first substrate (51 ); 

forming a plurality of second electrodes (32) on 
an upper side of a second substrate (31 ); 
forming a second vertical alignment film (36) so 
which covers the pixel electrodes (32) on the 
upper side of the second substrate (31 ); and 
arranging the first substrate (51 ) and the sec- 
ond substrate (31) such that the surfaces on 
which the first vertical alignment film (56) and 55 
the second vertical alignment film (36) are 
formed respectively are opposite each other 
and top end portions of the first projection pat- 
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tern (55) come into contact with the second 
vertical alignment film (36) on the second sub- 
strate (31). 

8. A liquid crystal display device comprising: 

a first substrate (100) having a plurality of first 
(opposing) electrodes (102) formed on one sur- 
face side and a first vertical alignment film 
(106) for covering the plurality of first elec- 
trodes^); 

a second substrate (110) having red, green 
and blue color filters (1 13R,113G,1 13B) 
arranged opposite the plurality of first elec- 
trodes (102) on the first substrate (100), a light 
shielding film (112) formed by overlapping at 
least two color filters of the color filters (113R, 
113G, 113B) to be arranged in regions which 
correspond to regions between the plurality of 
first electrodes (102), a second electrode (114) 
formed to cover at least the color filters 
(113R,113G,113B), a cell thickness adjusting 
layer (117) formed selectively over the light 
shielding film (112), a projection pattern (115) 
formed of insulating material on the second 
electrode (114) and the cell thickness adjusting 
layer (117), and a second vertical alignment 
film (116) for covering the second electrode 
(114) and at least the projection pattern (115) 
on the second electrode (114), whereby top 
end portions of the projection pattern (115) 
come into contact with the first substrate (100); 
and 

a liquid crystal (49) sealed between the first 
substrate (100) and the second substrate (110) 
and having a negative dielectric anisotropy. 

9. A color filter substrate comprising: 
a plate (111); 

red, green and blue color filters 
(113R,113G,113B) formed on predetermined 
regions of the plate (111); 
a light shielding film (112) formed by overlap- 
ping at least two color filters of these color fit- 
ters (113R,113G,113B) to be arranged on 
predetermined regions of the plate (111); 
an electrode (114) for covering at least the 
color filters (1 13R,1 13G.113B); 
a cell thickness adjusting layer (117) formed 
selectively over the light shielding film (112); 
a projection pattern (115) formed of insulating 
material over the electrode (114) and the cell 
thickness adjusting layer (117); and 
a vertical alignment film (116) for covering the 
electrode (114) and at least the projection pat- 
tern (115) on the electrode (114). 
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10. A liquid crystal display device comprising: 

a first substrate (100) having a plurality of first 
electrodes (102) formed on one surface side 
and a first vertical alignment film (106) for cov- 5 
ering the plurality of first electrodes (102); 
a second substrate (110) having red, green 
and blue color filters (113R,113G,113B) 
arranged opposite the plurality of first elec- 
trodes (102) on the first substrate (100), a light w 
shielding film (112) formed by overlapping at 
least two color filters of these color filters 
(113R,113G,113B) to be arranged in regions 
which correspond to regions between the plu- 
rality of first electrodes (102), a second elec- 15 
trade (1 14) for covering at least the color filters 
(113R,113G,113B), a projection pattern (117) 
formed of insulating material on the second 
electrode (114), a cell thickness adjusting layer 
(118) formed on the projection pattern (117) 20 
over the light shielding film (112), and a second 
vertical alignment film (116) for covering at 
least the second electrode (114), whereby top 
end portions of the cell thickness adjusting 
layer (118) come into contact with the first sub- 25 
strate(100); and 

a liquid crystal (49) sealed between the first 
substrate (100) and the second substrate (110) 
and having a negative dielectric anisotropy. 

30 

11. A color filter substrate comprising: 

a plate (111); 

red, green and blue color filters 
(113R,113G,113B) formed on predetermined 35 
regions of the plate (111); 
a light shielding film (112) formed by overlap- 
ping at least two color filters of these color fil- 
ters (113R,113G,113B) to be arranged in 
predetermined regions of the plate (111); 40 
an electrode (114) for covering at least the 
color filters (113R,113G,113B) 
a projection pattern(117) formed of insulating 
material on the electrode (114); 
a cell thickness adjusting layer (118) formed on 45 
the projection pattern (117) over the light 
shielding film (112); and 
a vertical alignment film (116) for covering at 
least the electrode (114). 

50 

12. A liquid crystal display device comprising: 



material to be arranged in regions which corre- 
spond to regions between the plurality of first 
electrodes (102), red, green and blue color fil- 
ters (123R.123G.123B) which are arranged 
opposite the plurality of first electrodes (102) 
on the first substrate (101) and at least one of 
which covers the light shielding film (122), a 
second electrode (124) for covering the color 
filters (123R,123G,123B), a projection pattern 
(125) formed of insulating material on the sec- 
ond electrode (124), and a second vertical 
alignment film (126) for covering the second 
electrode (124) and at least the projection pat- 
tern (125) on the second electrode (124), 
whereby top end portions of the projection pat- 
tern (125) come into contact with the first sub- 
strate (100); and 

a liquid crystal (49) sealed between the first 
substrate (100) and the second substrate (120) 
and having a negative dielectric anisotropy. 

13. A color filter substrate comprising: 

a plate (121); 

a light shielding film (122) formed of non-trans- 
mitting material to be arranged on predeter- 
mined regions of the plate (121); 
red, green and blue color filters 
(123R.123G.123B) at least one of which cov- 
ers the light shielding film (122); 
an electrode (124) for covering the color filters 
(123R,123G,123B); 

a projection pattern (125) formed of insulating 
material on the electrode (124); and 
a vertical alignment film (126) for covering the 
electrode (124) and at least the projection pat- 
tern (125). 

14. A method of manufacturing a liquid crystal display 
device, comprising the steps of: 

forming color filters (113R,113G,113B) in pixel 
regions on a first substrate (111), and then 
forming a light shielding film (112) by overlap- 
ping two layers or more of the color filters 
(113R,113G,113B) in regions between the 
pixel regions; 

forming an opposing electrode (114) on at least 
the color filters (1 1 3R.1 13G.1 1 3B); 
forming a cell thickness adjusting layer (117) 
formed of insulating material in predetermined 
regions over the light shielding film (112); 
forming a projection pattern (115) formed of 
insulating material as a domain defining means 
on the opposing electrode (114) and the cell 
thickness adjusting layer (117); 
forming a first vertical alignment film (116) 
which covers the opposing electrode (114) and 



a first substrate (100) having a plurality of first 
electrodes (102) formed on one surface side 
and a first vertical alignment film (1 06) for cov- 55 
ering the plurality of first electrodes (102); 
a second substrate (120) having a light shield- 
ing film (122) formed of light non-transmitting 
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the projection pattern (115) at least on the 
opposing electrode (114); 
forming a plurality of pixel electrodes (102) on 
an upper side of a second substrate (100); 
forming a second vertical alignment film (106) 5 
for covering the pixel electrodes (102); and 
arranging the first substrate (110) and the sec- 
ond substrate (100) such that their surfaces on 
which the first vertical alignment film (116) and 
the second vertical alignment film (106) are w 
formed respectively are opposite each other 
and top end portions of the projection pattern 
(115) come into contact with a second sub- 
strate (100) side. 

15 

15. A method of manufacturing a liquid crystal display 
device, comprising the steps of: 

forming a light shielding film (132) and a resist 
film (137) for covering the light shielding film 20 
(132) by forming a metal film and a photosensi- 
tive resist film (137) on a first substrate (131), 
and then patterning the photosensitive resist 
film (137) and the meta! film by a photolithogra- 
phy method so as to leave the metal film and 25 
the photosensitive resist film (137) in regions 
between pixel regions; 

forming red, green, and blue color filters 
(133R.133G.133B) in the pixel regions so as to 
form one color filter or more on the resist film 30 
(132); 

forming an opposing electrode (134) on the 
color filters (133R.133G.133B); 
forming a projection pattern (135) formed of 
insulating material as a domain defining means 35 
on the opposing electrode; 
forming a first vertical alignment film (136) 
which covers the opposing electrode (134) and 
the projection pattern (135) at least on the 
opposing electrode (134); 40 
forming a plurality of pixel electrodes (102) on 
an upper side of a second substrate (101 ); 
forming a second vertical alignment film (106) 
for covering the pixel electrodes (102); and 
arranging the first substrate (120) and the sec- 45 
ond substrate (100) such that their surfaces on 
which the first vertical alignment film (136) and 
the second vertical alignment film (106) are 
formed respectively are opposite each other 
and top end portions of the projection pattern so 
(135) come into contact with a second sub- 
strate (100) side. 

16. A liquid crystal display device comprising: 

55 

a first substrate (100) having a plurality of first 
electrodes (102) formed on one surface side 
and a first vertical alignment film (106) for cov- 



ering the plurality of first electrodes (102); 
a second substrate (140) having red, green 
and blue color filters (143R.143G.143B) 
arranged opposite the plurality of first elec- 
trodes (102) on the first substrate (100), a light 
shielding film (148) which is formed by a blue 
color filter (143B) and a red color filter (143R) 
formed on the blue color filter (143B) around 
red pixels and is formed by a blue color filter 
(143B) and a green color filter (143G) formed 
on the blue color filter {1 43B) around green pix- 
els, a second electrode (144) for covering the 
color filters (143R.143G.143B) and the light 
shielding film (148), and a second vertical 
alignment film (146) for covering the second 
electrode (144); and 

a liquid crystal sealed between the first sub- 
strate (100) and the second substrate (140) 
and having a negative dielectric anisotropy. 

17. A color filter substrate comprising: 

a plate (141); 

red, green and blue color filters 
(143R.143G.143B) formed on predetermined 
regions of the plate (141); 
a light shielding film (148) which is formed by a 
blue color filter (143B) and a red color filter 
(143R) formed on the blue color filter (143B) 
around red pixels and is formed by a blue color 
filter (143B) and a green color filter (143G) 
formed on the blue color filter (143B) around 
green pixels; 

an electrode (144) for covering the color filters 
and (143R,143G,143B) the light shielding film 
(148); and 

a vertical alignment film (146) for covering the 
electrode (144). 

18. A liquid crystal display device according to claim 
16, further comprising a projection pattern (145) 
which is formed on the second electrode (144) on 
the second substrate (140) and is covered with the 
second vertical alignment film (146); 

wherein top end portions of the projection 
pattern (145) come into contact with the first sub- 
strate (100) to keep a clearance between the first 
substrate (100) and the second substrate (140) 
constant. 

19. A method of manufacturing a liquid crystal display 
device, comprising the steps of: 

forming blue color filters (143B) in blue pixel 
regions and light shielding regions on a first 
substrate (141); 

forming red color filters (143R) in red pixel 
regions and the light shielding regions around 
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the red pixel regions and the blue color fitters 
(143B) which are located on a part of the light 
shielding regions around the blue color filters 
(143B) on the first substrate (141); 
forming green color filters (143G) in green pixel 5 
regions and the light shielding regions around 
the green pixel regions and the blue color filters 
(143B) which are located on remaining part of 
the light shielding regions around the blue color 
filters (143B) on the first substrate (141); w 
forming an opposing electrode (144) on the red 
color filters (143R), the blue color filters (143B), 
and the green color filters (143G); 
forming a projection pattern (145) formed of 
insulating material as a domain defining means 15 
on the opposing electrode (144); 
forming a first vertical alignment (146) film 
which covers the opposing electrode (144) and 
the projection pattern (145); 
forming a plurality of pixel electrodes (102) on 20 
an upper side of a second substrate (101 ); 
forming a second vertical alignment film (106) 
for covering the pixel electrodes (102); and 
arranging the first substrate (141 ) and the sec- 
ond substrate (101) such that their surfaces on 25 
which the first vertical alignment film (146) and 
the second vertical alignment film (106) are 
formed respectively are opposite each other 
and top end portions of the projection pattern 
(145) come into contact with a second sub- 30 
strate(100) side. 

20. A liquid crystal display device comprising: 

a first substrate (100) having a plurality of first 35 
electrodes (102) formed on one surface side 
and a first alignment film (106) for covering the 
plurality of first electrodes (102); 
a second substrate (110) having red, green 
and blue color filters (113R.1 13G.113B) 40 
arranged opposite the plurality of first elec- 
trodes (1 02) on the first substrate (1 00), a black 
matrix (112) formed by overlapping at least two 
color filters (113R,113G,113B), a second elec- 
trode (114) for covering the color filters 45 
(113R,113G ( 113B) and the black matrix (112), 
and a second alignment film (116) for covering 
the second electrode (114); and 
a liquid crystal (49) sealed between the first 
substrate (100) and the second substrate (110) so 
and having a negative dielectric anisotropy; 
wherein a redundant light shielding film (163) 
for cutting off a blue color is formed on outside 
portions of display regions in which the plurality 
of first electrodes (102) are arranged. 55 

21. A liquid crystal display device according to claim 1 , 
further comprising a second projection pattern (35) 



formed between the first electrode (32) and the first 
vertical alignment film (36) on the first substrate 
(30) to have a height lower than the first projection 
pattern (35). 

22. A liquid crystal display device according to claim 1 , 
further comprising slits (6,32a) provided to the first 
electrode (32) on the first substrate (31). 

23. A liquid crystal display device according to claims 2 
or 3, wherein the blue color filters (53B) of the color 
filters (53R,53G,53B) are formed at a different 
height from other color filters. 

24. A liquid crystal display device according to claims 2, 
3 or 23, wherein the light shielding film (52) is 
formed of black resin to be thicker than the color fit- 
ters (53R,53G,53B). 

25. A liquid crystal display device according to claims 2, 
4, 23 or 24, wherein the light shielding film (52) is 
formed by overlapping at least two color filters or 
more including the blue color filter (53B). 

26. A liquid crystal display device according to claims 2, 
3, 4, 23, 24 or 25, further comprising a second pro- 
jection pattern (35) formed between the first elec- 
trode (32) and the first vertical alignment film (36) 
on the first substrate (30). 

27. A liquid crystal display device according to claims 2, 
3, 4, 23, 24, 25 or 26, further comprising slits 
(6,32a) provided to the first electrode (32) on the 
first substrate (31). 

28. A method of manufacturing a liquid crystal display 
device according to claim 6, further comprising the 
step of forming a second projection pattern (35) of 
insulating material over the pixel electrodes (32) 
after the step of forming a plurality of pixel elec- 
trodes (32) on the upper side of the second sub- 
strate (31). 

29. A method of manufacturing a liquid crystal display 
device according to claims 6 or 28, wherein the light 
shielding film (52) is formed of black resin, and the 
color filters (52R,53G,53B) are formed thinner than 
the light shielding film (52). 

30. A method of manufacturing a liquid crystal display 
device according to claims 6, 28 or 29, wherein the 
blue color filters (53B) of the color filters 
(53R.53G.53B) are formed at a different height 
from other color filters. 

31. A method of manufacturing a liquid crystal display 
device according to claim 7, further comprising the 
step of forming a second projection pattern (35) of 
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insulating material over the pixel electrodes (32) 
after the step of forming a plurality of pixel elec- 
trodes (32) on the upper side of the second sub- 
strate (50). 

5 

32. A method of manufacturing a liquid crystal display 
device according to claims 7 or 31 , wherein at least 
ones of the red color filters (53R), the green color 
filters (53G), and the blue color filters (53B) are 
formed at a different height from other color filters. 10 

33. A liquid crystal display device according to claim 
12, wherein a thickness of the light shielding film 
(122) is thicker than those of the color filters. 

15 

34. A liquid crystal display device according to claims 
12 or 33, wherein the light shielding film (122) is 
formed of a metal film or a metal compound film and 
resist formed on the metal film or the metal com- 
pound film. 20 

35. A liquid crystal display device according to claim 
18, wherein an inclination angle between the red 
pixel regions and the light shielding film (148) 
formed around the red pixel regions and an inclina- 25 
tion angle between the green pixel regions and the 
light shielding film (148) formed around the green 
pixel regions are set smaller than 30 degree. 

36. A liquid crystal display device according to clams 30 
18 or 35, wherein a level difference between the red 
pixel regions and the light shielding film (148) 
formed around the red pixel regions and a level dif- 
ference between the green pixel regions and the 
light shielding film (148) formed around the green 35 
pixel regions are set to less than 1 .5 uin. 

37. A liquid crystal display device according to claim 
20, wherein the redundant light shielding film (163) 

is formed of metal or metal compound. 40 

38. A liquid crystal display device according to claim 
20, wherein the redundant tight shielding film (163) 
is formed of a UV coat film whose cut-off wave- 
length is less than 500 nm. 45 

39. A liquid crystal display device according to claim 
20, wherein the redundant light shielding film (163) 
has a three-layered structure which is formed of the 
red, green, and blue color filters. so 
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